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Track Facilities at the Noval — Test 


k Testing at the Air Force Flight Test Center _ : 
k Testing at the Air Force Armament Center . . 
gn Considerations of two Large Liquid Rocket Sled Pusher Vehicles 
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TRACK INSTROMEN ATION 


rements of Vibration Environment ing Supersonic Liquid Propellant Rocket 
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sand insight 


Inquisitive eyes denote the inquisitive minds that made i. - q 


possible today’s rocket powerplants. Sharp eyes and minds a’, 
that have the power to visualize challenging problems _ 
. . and the insight to solve them. 


Spurred by such long-range sight and insight, RMI has blazed 
the trail in rocket power for over fifteen years. And today, 
with new developments in manned and guided flight creating _ 
vast new propulsion problems, RMI will continue to lead 

the way. For RMI engineers and scientists form a talented, 
far-sighted team, designing and producing advanced 


powerplants for the vehicles of tomorrow. 


Engineers, Scientists— Perhaps you, too, can work 
with America’s first rocket family. You'll find 


the problems challenging, the rewards great. 4 
Power for Progress 
4871 


REACTION MOTORS, INC. &.. 


A MEMBER OF THE OMAR TEAM 
DENVILLE, NEW JERSEY 
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“They spend a fortune to find us— and 

then relegate us to meaningless detail?’ 
Familiar? Too familiar—but these are 
words you'll never hear at Firestone’s 
Guided Missile Division. Your ideas, 

your talent, your genius-in-the-making 
won’t end up in routine rehashing 
run-of the-treadmill rudiments. 


Why? Part of the answer lies in 
Firestone’s small-project, select-team 
approach to large-scale engineering 
problems. Part lies in over half a century 
of intelligent and successful 
administration of scientific efforts. 


The large-scale engineering problem in 
our Los Angeles headquarters is the 
continuing development program for 

the Army’s Corporal. In Monterey — 
Carmel-by-the-Sea, our new Engineering 
Lab is busy plotting new directions for 
guided missiles. And while you’re making 
the most of your professional ability, 
your family (and you) will fall in love 
with the Golden State of living! 


Write us today for the best of all possible 
ends for your ideas in: 


Aeronautics 

Structures Air Frame 

Stress Analysis 

Propulsion System & Component Design 
Materials & Process 


MISSILE DIVISION 


RESEARCH + DEVELOPMENT + MANUFACTURE 


FIND YOUR FUTURE AT FIRESTONE « LOS ANGELES + MONTEREY 
WRITE: DIRECTOR OF’‘ENGINEERING STAFF, LOS ANGELES 54, CALIFORNIA 
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“NEW CERAMIC COATINGS & COMPONENTS 


To meet the exacting requirements 
and to aid the performance of reac- 
tion motors, Norton Company has 
developed several new silicon car- 
bide products. Among these are: 
ROKIDE* ‘‘C”’ silicon carbide coat- 
ing on graphite; CRYSTOLON* “R”’ 
recrystallized silicon carbide and 
CRYSTOLON nitride-bonded 
silicon carbide bodies. 


ROKIDE “C” 
2 Silicon Carbide Coating 
This hard, crystalline coating 
protects light weight, thermal 
shock resistant graphite — gives it 
excellent resistance to erosion and 
oxidation — and makes it highly 
suited for use in rocket motors. 
ROKIDE “‘C”’ coating on graphite 
has found ready use for combus- 
tion chambers and exit cones of un- 
cooled rocket motors as well as for 
ramjet exhaust nozzles. 


CRYSTOLON “R” and “N” 
Silicon Carbide Bodies 


Components of CRYSTOLON “‘R” 
recrystallized silicon carbide and 


Rocket Motors, Nozzles and Other Components for 
reaction motors — made to stand up under extremes 
of temperature, heat shock and erosion. 


aoe FOR MISSILES AND ROCKETS 


CRYSTOLON ‘“N” nitride-bonded 
silicon carbide have excellent ero- 
sion, thermal shock and oxidation 
resistance, good strength, low den- 
sity and thermal conductivity. 
They can be made in a wide variety 
of shapes and sizes. 


TWO-WAY PROTECTION IN A 
ROCKET MOTOR 


ROKIDE “C” 
this entire rocket motor, 


coating protects 
while 


CRYSTOLON “R”’ silicon carbide 

gives added protection and 

strength to the narrower throat 
4 


le 


CRYSTOLON 
// 


ROKIDE C 


area where conditions are most 
severe. 


DIMENSIONAL LIMITS 


Diameters Lengths Throats 
ROKIDE “C” ” ” ” ” 
CRYSTOLON wt Yo" to 24 Yo" to 30 3/16” to 22 
CRYSTOLON “N” %"” to 18” %" to 20” 3/8” to 16" 


For further information on these 
NORTON developments for reaction 
motors, write to NORTON COMPANY, 


New Products Department, 728 
New Bond Street, Worcester 6, 
Massachusetts. 


WNORTONW 


NEW PRODUCTS 
better products. . .to make your products better 


NORTON PRODUCTS Abrasives « Grinding Wheels * Grinding Machines « Refractories 
R-MANNING DIVISION Coated Abrasives * Sharpening Stones « Behr-cat Tapes 


*Trade-Marks Reg. U.S. Pat. Off. and Foreign Countries 
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Scope of JET PROPULSION 


This Journal is a publication of the Ameri- 
ean Rocket Society devoted to the advance- 
ment of the field of jet propulsion through 
the dissemination of original papers disclosing 
new knowledge or new developments. As 
used herein, the term “jet propulsion” 

mbraces all engines that develop thrust by 
earward discharge of a jet through a nozzle 

r duct, and thus it includes air-consuming 

ngines and underwater systems as well as 
rockets. JET PROPULSION is open to con- 
tributions dealing not only with propulsion 
but with other aspects of jet-propelled flight, 
such as flight adaaien, guidance, telemeter- 
ing, and research instrumentation. In- 
reasing emphasis will be given to the scientific 
roblems of extraterrestrial flight. 


Information for Authors 


Manuscripts must be as brief as the proper 
resentation of the ideas will allow. Ex- 
usion of dispensable material and concise- 
ess»! expression will influence the Editors’ 
aecepiance of a manuscript. In terms of 
standurd-size double-spaced typed pages, a 
typic: | maximum length is 22 pages of text 
neluding equations), 1 page of references, 
of abstract, and 12 illustrations. 


1 pare 
Fewe: illustrations permit more text, and vice 
versa. Greater length will be acceptable 


only in exceptional cases. 

Short manuscripts, not more than one 
quarter of the maximum length stated for full 
articles, may qualify for publication as 
Technical Notes. They may be devoted 
either to new developments requiring prompt 
disclosure or to comments on previously pub- 
lished papers. Such manuscripts are usually 
published within two months of the date of 
receipt 

Sponsored manuscripts are published 
occasionally as an ARS service to the indus- 
try. A manuscript that does not qualify for 
publication according to the above-stated 
requirements as to subject scope or length. 
but which nevertheless deserves widespread 
distribution among jet propulsion engineers, 
may be printed as an extra part of the Journal 
or as a special supplement if the author or 
his sponsor will reimburse the Society for 


actual publication costs. Estimates are 
available on request. Acknowledgment of 
such financial sponsorship appears as a 


footnote on the first page of the article. 
Publication is prompt since such papers are 
not in the ordinary backlog. 

Manuscripts must be double spaced on one 
side of paper only with wide margins to allow 
for instructions to printer. Include a 100 to 
200 word abstract. State the authors’ 
positions and affiliations in a footnote on the 
first page. Do not type equations; write 
them in ink. Identify unusual symbols or 
Greek letters for the printer. References are 
to be grouped at the end of the manuscript 
and are to be given as follows: for journal 
articles: authors first, then title, journal, 
volume, year, page numbers; for books: 
authors first, then title, publisher, city, edi- 
tion, and page or chapter numbers. Line 
drawings must be clear and sharp to make 
clear engravings. Use black ink on white 
paper or tracing cloth. Lettering should be 
large enough to be legible after reduction. 
Photographs should be glossy prints, not 
matte orsemi-matte. Each illustration must 
have a legend; legends should be listed in 
order on a separate sheet. 

Manuscripts must be accompanied by 
written assurance as to security clearance in 
the event the subject matter lies in a classified 
area or if the paper originates under govern- 
ment sponsorship. Full responsibility rests 
with the author. 

Submit manuscripts in duplicate (original 
plus first carbon, with two sets of illustra- 
tions) to the Editor, Martin Summerfield, 
Professor of Aeronautical Engineering, Prince- 
ton University, Princeton, N. J. Preprints 
of papers presented at ARS national meetings 
are automatically considered for publication, 


JET PROPULSION is published monthly by 
the American Rocket Society, Inc., and the 
American Interplanetary Society at 20th & 
Northampton Sts., Easton, Pa., U. § 
Editorial offices: 500 Fifth Ave., New York 
36, N. Y. Price: $12.50 per year, $2.00 
per single copy. Entered as second-class 
matter at the Post Office at Easton, Pa. 
Notice of change of address should be sent to 
the Secretary, ARS, at least 30 days prior to 
publication. Opinions expressed herein are 
the authors’ and do not necessarily reflect the 
views of the Editors or of the Society. 
© Copyright 1957 by the American Rocket 
Society, Ine. 
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At the Atomic Energy Commission's Salton Sea Test Base this special tracking mount uses a 35mm high speed Mitchell camera. Operated by Sandia Corporation, 
this base uses Mitchell cameras for recording test operations. 


Salton Sea Test Base Uses Mitchell Cameras 


to Capture High Speed Action of Dummy Bombs —| aha 


High speed flight and laboratory tests, which hitherto have been difficult or 
impossible to view with the human eye, are today providing revealing informa- 
tion through high speed film recordings. 

Typical example of the widespread use of high speed cameras is the Salton 
Sea Test Base in Southern California, where drop testing of “dummy” bombs is 
a major activity. In testing carried on there, by Sandia Corporation for the Atomic 
Energy Commission, as many as 20 Mitchell high speed cameras may record dif- 
ferent angles in the flight of an experimental weapon “shape” from drop aircraft 
to impact area. 


Operating at 48 to 100 frames per second, the Mitchell cameras film accurate, 


Cable Address: “‘MITCAMCO” 


Salton Sea. explosion. 


steady images with maximum uniformity—even under difficult and complicated It 
filming conditions. por 
Mitchell cameras play a growing role in today’s research and development— _ 
Tracking at 40,000 feet, this film frame from a Mitchell just as 16mm and 35mm Mitchell cameras have become the leading professional wil 
camera operating at 96 frames per second provides an motion picture equipment used by industry, television, and film studios through- mo 
accurate record. out the world. Write on your letterhead for further information on the uses of har 
Mitchell cameras in the field of military and industrial research. 
By 
hal: 
High speed Photogram- 
Mitchell metric mounts 
Camera in for 8 Mitchell 
operation on cameras CORPORATION 
tracking determine the 
telescope position in 666 WEST HARVARD STREET 
mount during space of a GLENDALE 4.CALIFORNIA SEPTE 
test run at nuclear “ieee 
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Observation and control of am- 
phibious and airborne landings. 


test performance. 


It fits lightly into the hand; it can be carried in a 
pocket; it weighs about a pound; it will go places too 
small for ordinary cameras, too dangerous for man; it 
will observe without being conspicuous; it may be 
mounted ona tripod, fastened to wall or bulkhead, 
hand-held by a pistol grip. Size: 1%’’ x 23%” x 434”. 


By means of a transistorized circuit and the new RCA 
half-inch Vidicon, the ‘“‘Telemite’’ actually surpasses 


RADIO CORPORATION of AMERICA 
Tmk(s) ® 
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Close observation of jet or piston engine 


Brand new! RCA ‘“‘Telemite'"’ (model JTV-1) a 1-pound 
ultra-miniature television camera, makes possible direct 
observation of sites and events never before accessible by TV 


v = 
Observation of danger areas, 


where exposure would involve 
danger to personnel. 


Surveillance of assembly 
areas and movements 
of forces. 


standard Vidicon-type industrial TV cameras in sensi- 
tivity. It produces clear, contrasty pictures with a 
scene illumination of 10-foot candles or less. 


The ‘‘Telemite’’ operates with up to 200 feet of cable 
between it and the control monitor, and this distance 
can be further extended by using a repeater amplifier. 
This is the first TV camera to employ photoelectric 
sensitivity control, which provides automatic adapta- 
tion to widely varying scene illumination. 


DEFENSE ELECTRONIC PRODUCTS A) 


CAMDEN, N.J. 
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Mixed Oxides are versatile, easy to handle 


Propellant chemists and thermodynamic engineers seeking an oxidant uniquely 
suited to a wide range of rocket operating requirements find that Mixed Oxides 
offer these outstanding advantages: 
Versatility — provides high specific impulse with many rocket fuels, including 
Triethyl-Trithiophosphate, Methy! Alcohol, 50% Ammonia and 50% Methy! 
Alcohol, 63% Triethylamine and 37% Orthotoluidine, Turpentine, Ammonia 
nd Ethylene Oxides e Freezing Point — as low as —100 F, depending upon 
1ixture e Density — compares favorably with other oxidants « Easy Handling 
— can be shipped, piped, stored in ordinary carbon steel « High Stability — 
non-corrosive, can be stored indefinitely in rockets maintained at ready.” 
Mixed Oxides, containing 70 or 75% N2O« and 25 or 30% NO, are eco- 
omically available in large tonnages from Nitrogen Division's plant at Hopewell, 
Virginia, and for purposes, in valved lb. and 2000- 
lb. containers. | 


Photo courte 


Dept. NT 2-12-3 


NITROGEN TETROXIDE 


(N20 


Oxidant for liquid 
rocket propellants 


Molecular weight 
Boiling Point 
Freezing Point 


Latent Heat 
of Vaporization 


Critical Temp. 
Critical Pressure 


Specific Heat 
of Liquid 


Density of Liquid 
Density of Gas 


Vapor Pressure 


Rocketdyne 


92.02 
C 
99 cal /gm 
D 21°C 


@ 21 
158°C 
99 atm 


0.36 cal. gm 
-10 to 20°C 


1.45 at 20°C 


3.3 gm/liter 
21°C, at 1 atm 


2 atm at 35 C 


Ethanolamines+ Ethylene Oxides Ethylene Glycols «Ureae Formaldenydes U. Concef 
trate—85 Anhydrous Ammonias Ammonia Liquors Ammonium Sulfate Sodium Nitrat 
¢ Methanol « Nitrogen Solutions « Nitrogen Tetroxide « Fertilizers & Feed Supplement 
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40 Rector ae, New York 6, N.Y. 
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THIS IS NIKE HERCULES, 
a surface-to-air missile 

newly developed out of the 
original Nike system 

started in 1945 — a major 
project in the Douglas | 

missile program. 
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The finest talents and facilities in the in- 
dustry have earned an outstanding position 
for Douglas in the national missile program. 


You will become part of a team that has contrib- 
uted more to the research, design, development 
and production of missiles than any other group 
in the nation. 

You will work on projects that challenge the 
imagination... that stretch out far into the future 
... that let you plan a secure and rewarding career 
with Douglas. Many of these projects have their 
roots in the mid-forties and are still growing. 

Close coordination of missile and aircraft work 
provides an interchange of experience and knowl- 
edge among Douglas engineers and scientists. All 
plants are engaged in some phase of this missile 
program...making possible a broad choice of 
locations where you can work and establish living 
conditions suited to your taste. 

For complete information, write: 
E. C. KALIHER, 
MISSILES ENGINEERING PERSONNEL MANAGER, 


DOUGLAS AIRCRAFT COMPANY, BOX J-620, 
SANTA MONICA, CALIFORNIA 


lIENTISTS GO FU 
RTHER 
At DOUGLAS 
» yOur Career i 
in missiles 
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y sixteen years of ex | | 
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_ This engineer is fully equipped, with his Heiland Dynamic 
- Recording System, to record a complete range of phenomena .. . 
strain, vibration, pressure, acceleration, temperature, impact 
and many others. 


The 700-C Series Recording Oscillographs can put up to 60 traces 
_ on 12” wide recording paper at speeds from .03 to 144 in. per sec., 
‘a with frequency response from DC to 3,000 cycles per second. 
mY Ce _ Power supply is 28 volts DC or 115 volts AC. Both the 
ies ey oscillograph and the amplifier system (either carrier or 
_ jinear/integrate) may be bench, shock, or vibration mounted, 


Whether your measuring and recording needs are for dynamic 
testing of guided missiles or aircraft; structural tests of buildings, 
om bridges or ships; performance tests of heavy machinery or 
electrical equipment; riding quality evaluation of automobiles, 

trucks, or railroad coaches; physiological or medical research; 

or similar applications in all fields of industry, science and 

engineering—it will pay you to let a Honeywell Industrial Engineer 

show you why the Heiland System is unmatched for sensitivity, 
stability, and dependable performance. Call your nearest 
_ Minneapolis-Honeywell Industrial Sales Office today . . . and 
write for Bulletins 101 and 701. 
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MINNEAPOLIS 
| D 5200 E. EVANS AVE 
NUE+ DENVER 22, COLORAD( 


t’s the word, sir... 


Hydraulic and fluid 
system)components 


Parker specializes in hydraulic and fluid problems 
= er as these problems apply to your SYSTEM. 
This is called “Parker's system approach.”’ What does it 
mean to you? Just this: Parker’s leadership in experience 
and design is at your disposal to make sure that your 

an fluid and hydraulic system components are exclusively 
for your system—an integral phase of that system— 
to make sure that the whole performs exactly to 
requirements—or better! Why not ask us how the 


Parker ‘‘system approach” can save you precious 


engineering lead time and effort? 


7 The Parker Team provides specialized 

_ viewpoints to get the right answers. It’s 

_ the first step in the “systems approach’ 

gives a Parker customer the plus value 

of leadership in experience, for today’s 

TOMORROW‘’S fluid and hydraulic 
problems. 


check valves hvdraulic valves fuel valves accumulators 
Parker Aircraft Co., Los Angeles 45, Calif. * Cleveland 12, Ohio 
(Subsidiary of The Parker Appliance Company) 
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EXPERIMENTAL WORK 
NO JOB TOO TOUGH 


SOLID PROPELLANT POWER PLANTS 
THIN OR HEAVY WALLED 
PRECISION MACHINED NOZZLES 
& MOTOR CASES ALSO 
AIQUID PROPELLANT MOTOR COMPONENTS , 


MOCK UP OR COMPLETE 
MODELS 


A DIVERSIFIED, EXPERIENCED 
ORGANIZATION GEARED TO MOVE QUICKLY 
; ON YOUR PRELIMINARY PRODUCTION 
; PROBLEMS; ONE ABLE TO ABSORB YOUR 
HIGH PRESSURE SPHERES EXPERIENCED INITIAL ENGINEERING CHANGES AND PUT 
WN All MATERIALS X4130 THEM INTO EFFECT WITHOUT DELAY. 


HEAT TREATED, STAINLESS, 
ALUMINUM ALLOY, INCONEL X ETC. A LETTER OR PHONE CALL WILL BRING 
OUR REPRESENTATIVE : 


EXCELCO DEVELOPMENTS INC. 


SILVER CREEK, NEW YORK | _ 


PHONE 101 
Jet PROPULSION 


ie, 
7 
< 
: 
x 
| 
— 
=? 
: 
ona 


EPTEMBER | 


ane . good sealing begins 


e problem of sealing is a part of design thinking the whole design is bound to 


= 


—the O-Seal 


Lock-O-Seal ® 
Gask-O-Seal ® 
Stat-O-Seal ® 
Bolt-O-Seal ® 
Riv-O-Seal ® 
Banj-O-Seal ® 
Termin-O-Seal 


C) FRANKLIN C. WOLFE Co. 


A DIVISION OF PARKER APPLIANCE COMPANY 
“sealing design specialist” 
Culver City, California 


= 1. He re, O. 
Pee, 
a 
j 
i 
When th 3 
be better. This 
.-- from —400° to +1000°... why not call in one of our field men. One of the i 
“Q-seal” family*, may be the answer to save you time, money and effort. a 
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in Retrosp 


Oliver Wendell Holmes never dreamed of 
sa intercontinental missiles or thermal thickets 


h enned ‘‘The Wonderful One-Hoss 
reis alway somewhere & weakest sp sounder logic exists for the designer of 
In hub, tire, felloe, thill, rocket cases. In the ideal rocket design, 
Tn panel, ~ crossbar, bs floor, or sill, where a pound less weight can mean miles 
hl screw, bolt, thoroughbrace, — lur more distance, all sections should be ex- 
still, actly of identical strength. No part should 

Find it somewhere you must and will, be one iota stronger or weaker than the rest. 
_ Above or below, or withm or without, Fulfilling Dr. Holmes’ “picture of the im- 

And that’s the reason, beyond a doub 


. , possible’’ to the ultimate degree has been 
That a chaise breaks down, but doe M. W. Kellogg’s aim from the time it began 
wear out. 


designing and fabricating rocket cases for 

the Navy Department in 1951. Since then 
But the Deacon swore (as Deacons do, company has continued to participate 
With an“Idewvyum, oran*itell yeou™) in the research, development, and produc- 
He would build one sliiay to beat the taown __ tion of a wide range of missile and rocket 


IN’ the keounty ’n’ all the kentry raoun’ ; propulsion systems. 

It should be so built that it couldn’ break Organizations interested in putting the 
a daown: Kellogg team to work on their specific rocket 
wan “Fur,” said the Deacon, “ ’t’s mighty plain problems are invited to write. 
re: Thut the weakes’ place mus’ stan’ the 
strain; 
7 . 'N’ the way t’ fix it, uz I maintain, 
Is only jest 


T make that place uz strong uz the rest.”’ 


So the Deacon inquir@P the village foll 
Where-he Bat oak, 
That could n’t be 
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ee = 711 THIRD AVENUE, NEW YORK 17, N. Y. om 

a — A SUBSIDIARY OF PULLMAN INCORPORATED 
The Canadian Kellogg Company Limited, Toronto « Kellogg International Corporation, London 
- Companhia Kellogg Brasileira, Rio de Janeiro « Compania Kellogg de Venezuela, Caracas i 
ors ; _ Kellogg Pan American Corporation, New York « Societe Kellogg, Paris ‘a 
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1§ COMPLETELY 
AIR CONDITIONED IN FLIGHT 


AND ON THE GROUND 


i i ive] i The Heli-Rotor Compressor for the — 
Now the air traveller on a regional route and the executive in a business ahs Fee aie sedans. 


aircraft can enjoy air-conditioned comfort unsurpassed by any trans- 
portation medium. In flight or on the ground, he will be kept comfort- 
ably cool if he’s in a Fairchild F-27. The F-27 has air conditioning — 
and pressurization — equalled only by the most luxurious transconti- 
nental and intercontinental airliners. 

For the F-27, Fairchild’s Stratos Division has developed a new 
Freon refrigeration system which continues to cool the aircraft even 
when it stands on the airport with the engines shut down. No ground 
service, other than electrical power, is necessary. The air conditioning 
and pressurization system—for which Stratos has full design responsi- 
bility—will provide a comfortable cabin under any conditions, from a 
sun-baked Las Vegas airport to the cold of a Quebec winter. 


GTRATOS 


A DIVISION OF FAIRCHILD ENGINE AND AIRPLANE CORPORATION avy, 


Main Plant: Bay Shore, L.I., N. Y. 
le Western Branch: 1800 Rosecrans Avenue, 


Manhattan Beach, Calif. 


LAND POWER takes on new denies strength by saan ing surface- 
to-surface missiles to pinpoint retaliatory blows against aggressors 
and destroy selected land targets. 


AIR POWER is made more formidable by use of air-to-air missiles 
tercept the high-speed attacks of enemy jet fighters or bombers. 


SEA POWER is strengthened and its range extended by surface-to-; 
missiles designed to intercept attacking aircraft far from our shore 


No matter how many missiles a nation builds, no matter how 
much they cost, the effort is useless if they fail to deliver a 
warhead squarely on the target. On the other hand, the nation 
possessing missiles of known precision has one of the greatest 
powers on earth to prevent wars. No aggressor could afford 
the swift and deadly retaliation such missiles assure. 


Whether a missile is designed to intercept a bomber at short 
range —or demolish a target in another hemisphere — its 
effectiveness depends to a large extent on the performance of 
the gyroscopic, electronic, hydraulic and mechanical systems 
which guide it. With new missiles capable of reaching 5,000 
mph within seconds after blast-off, these ultra-sensitive com- 
ponents must survive violent stresses and hold the missile on 
its true course to the exact moment of impact. 

Through the foresight of America’s military strategists our 
missiles now constitute a strong power in maintaining world 
peace. Our immunity to attack will continue, however, only so 
long as their precision remains superior. Sperry’s contributions 
to our missile program range from instrumentation and com- 
ponents through major subsystems like radar and inertial 
guidance, to complete missile weapon systems and automatic 
checkout equipment. 


GYROSCOPE COMPANY 
Great Neck, New York 
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Engineers and scientists at Boeing are today busy 
determining the shape and nature of aircraft and 


missiles for the years to come. 


You could, among their advanced projects, find the 
design of your future . . . in such fields as inertial or 
electronic guidance, chemical fuel propulsion, su- 


personic guided missile weapons systems, or in any 


a preliminary developn he creative team 


f Simpson-Middleman, artists whose work is a penetrating expres- 
sion of the forces and phenomena of the natural sciences. This 
_ painting is one of the steps—ground structure—in which the ulti- 
‘mate action will take place. Courtesy of John Heller Gallery, Inc. 


of the myriad aspects of extreme supersonic flight. 


There are challenging, and superior, openings at 
Boeing now—not only in design and research, 
but in production and service as well. 


Drop a note now, to John C. Sanders, Engineering 


Personnel Administrator, Boeing Airplane Compary, 


Department P-67, Seattle 24, Washington. 


ove 
ty 


981 


= 
~ 
~ 
> » 
how 
nd the des of 
era 7 ign of your future—at Boein 
g 
ition 
atest 
Tor d 
— its 
e of 
ems ; 
000 
om- 
> on 
our 
oid 
y $9 2 
ons 


Challenging positions are now open at Phillips 
Petroleum Company for scientists and engineers 
interested in the rapidly expanding field of 
rocket propulsion. The Phillips operated Air 
Force Plant 66 near McGregor, Texas, provides 
complete facilities for designing, testing, and 
manufacturing propellants and rockets. Phillips 
Petroleum Company has developed a whole new 
series of low cost, petroleum-derived propellants 
which are helping to revolutionize the rocket 
industry. There’s a future with Phillips. Confi- 
dential interviews will be arranged for qualified 
applicants. Write for complete information. 


a 


Giant PUSHER rocket made from low cost, 
petroleum-derived materials gives tremen- 
dous thrust for short durations. 


PHILLIPS} 


IN ROCKET 


DEVELOPMENT 


McGregor, Texas” 


PPORTUNITIES| 


The M15 JATO loaded on Boeing B-47. The 
first JATO to meet rigid Air Force perform- 
ancetests. (Boeing Airplane Company photo.) 
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~ New from Du Pont! = 


Lino-Writ in 1,000-foot splice-free 


rolls at no extra cost! 


Until now you had to pay premium prices for long splice-free 
rolls of photorecording paper. Now Du Pont offers the entire 
line of Lino-Writ in splice-free rolls in any length at no extra cost. 

With these splice-free rolls, you can put an end to costly 
losses of records due to traces falling on the splice. Splice-free 
Lino-Writ gives you accurate, uninterrupted records every 
time, every test. 

Lino-Writ is available in three “speeds” and two thicknesses 


6 


—plus Lino-Writ 4, the fastest, toughest ultra-thin recording 
paper made. Whatever your oscillographic requirements, 
there’s a Lino-Writ to fill your needs . . . and now it’s splice-free 
at no extra cost. 

For more information on Du Pont Lino-Writ, write the 
Du Pont Company, Photo’ Products-Department, Witmington 
98, Delaware. In Canada: Du Pont Company of Canada (1956) 
Limited, Toronto. 


REG. 5, pat. OFF 


Better Things for Better Living 


| 
| 
| 
| 
| 
... through Chemistry 


DU PONT OSCILLOGRAPHIC PRODUCTS 
for Functional Photography 


Photography with a purpose...not an end in itself, but a means to an end. : 
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30-channel, analog-digital converter connecting 300-amplifier analog computer Production of communications equipment in new Los 
to 1103A digital computer Angeles manufacturing plant 


Data Reduction Center designed and built by 
Ramo-Wooildridge 


input-output unit of the Ramo-Wooldridge RW-30 airborne 
digital computer 


First unit of Denver manufacturing plant now nearing completion 


Communications and 
Navigation Systems 
Digital Computers and - 
Control Systems 

Airborne Electronic and 
Control Systems 
Electronic Instrumentation 
and Test Equipment ; 
Guided Missile Research | 
and Development 
Automation and 

Data Processing 
Basic Electronic ang 
Aeronautical Research 


The photographs above illustrate some of the recent developments 


at Ramo-Wooldridge, both in facilities and in products. 


ae Work is in progress on a wide variety of projects, and positions 


are available for scientists and engineers in the following 


fields of current activity: 


The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET e LOS ANGELES 45, CALIFORNIA 
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Supersonic Track Facilities 
at the Naval Ordnance 


B. R. EGBERT! and D. P. ANKENEY? 7 


U. S. Naval Ordnance Test Station, China Lake, Calif. 


; 
F )R many years, the problem of equipment function under 
conditions of high speed and acceleration has been of ex- 
treme interest to designers of aircraft and weapons systems. 

The need stems in part from the fact that in spite of our re- 
search ability and technical know-how there are certain scien- 
tific phenomena which cannot be accurately predicted under 
changing environmental conditions. It is especially important 
in the weapons industry to make adequate dynamic tests to 
prove out new design. 

During and following World War II, scientists and engi- 
neers at the U. S. Naval Ordnance Test Station sought better 
ways of testing rockets and guided missiles. The need soon 
became apparent for a moving target whose position could be 
predicted at any given time, and could be closely controlled 
with respect to the position of the firing aircraft. The second 
need was to check aircraft rocket launchers under simulated 
flight conditions without endangering either the aircraft or the 
pilot. 

At a site on this station. a railroad track was laid in 1946, 
and various means of propulsion were attempted. The first 
successful track runs were made using a sled powered by a 
gasoline railroad car. 

The need for higher speed and acceleration was soon ap- 
parent. Rocket propulsion of the sled became successful when 
the wheels were replaced by slippers with bearing surfaces 
which gripped the rail head on all sides. This was the real 
birth of track testing. 


Introduction 


Supersonic Tracks 
B-4 Track 


The original moving target track at the NOTS has been ex- 
tended and improved so that it is now capable of carrying 


Presented at the ARS Spring Meeting, Washington, D. C., 
April 4-6, 1957. 
' Head, Track Projects Branch. 


? Mechanical E ngineer. Mem. ARS. 
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relatively light sleds traveling at speeds up to 1300 mph. 
This track, now designated as B-4, is 14,500 ft long (Fig. 1). 
The standard gage rails are welded for the first 10,500 ft to 
eliminate splice bars at the rail joints. Sand piled between 
the rails is used to stop sleds on the track. B-4 is used regu- 
larly for testing guided missile components, such as fuses, war- 
heads, guidance and control devices and aircraft missile 
launchers. 
SNORT 

The Naval Ordnance Test Station early recognized the need 
for a facility engineered to cope with the more complex prob- 
lems of full scale captive testing of aircraft, guided missiles and 
aircraft and missile components. As a result, with Bureau of 
Ordnance and Department of Defense approval, the Super- 
sonic Naval Ordnance Research Track (SNORT) planning 
group was established in 1950 to design a facility for sled veloc- 
ities on the order of 0 to 3500 fps. To accomplish such work, 
it was first necessary to build a foundation for the track ca- 
pable of withstanding the anticipated loads and to hold the 
track in precision alignment. SNORT is 21,500 ft long (Figs. 
2 and 3). It consists of a two-rail system of standard gage 
using 171 lb Bethlehem crane rail with dowel jointed ends pre- 
cisely aligned. The last 10,000 ft of the trough is equipped 
with a recirculating water system, fed from a well and reser- 
voir, which provides the means of bringing high speed car- 
riages to a stop. Two conventional types of water brakes, 
probe and horizontal momentum exchange, are used. The 
first firing was conducted on SNORT in Nov. 1953. 

Since then the facility has gained recognition in such fields 
as escape systems testing, aerodynamic flutter testing, arma- 
ment compatability testing, inertial guidance components and 
other fields of environmental testing. Each day new and dif- 
ferent techniques are proposed and attempted. Here, for the 


first time, a full-scale aircraft section may be brought up to 
speeds much greater than Mach 1, sustained at that speed for 


Fig. 1 View toward muzzle of B-4 14,500-ft-long track 
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Fig. 2 Aerial view of SNORT and headquarters area 


. “Fig. 3 Breech end of SNORT—a liquid fuel rocket sled is being 


prepared for a firing 


_ the time necessary to make observations and sample data, and 
_ stopped intact—available for the most important part of any 
test, the post-mortem. 


G-4 Track 


To meet additional requirements and provide for a well-in- 
grated track test facility at this station, the G-4 track was 
constructed in 1954 (Fig. 4). The track is 3000 ft long and has 
pressure-welded 171-lb crane rails. The gage is 333 in. The 
muzzle of this track overlooks a 500-{t declivity. Rockets and 
missiles are accelerated on the track to realistic launching 
velocities, then fired into space, i.e., warhead and fuse func- 
tioning under free flight conditions can be tested. Warheads 
of large missiles have been accelerated up to 2000 fps. 


Telemetry 


Most of the functional data obtained from sled-borne equip- 


Fig. 4 Breech end of the 3000-ft G-4 track 


Fig. 5 A CZR Bowen camera set up in the field on a permanent 
pad 


ment is telemetered to a ground station. At SNORT for ex- 
ample, four FM/FM carriers can be received and the subcar- 
rier signals recorded on magnetic tape. 


Photographic 


Photographic instrumentation is divided into two general 
types—ground and sled-borne. The work horse of the 
photographic ground instrumentation is the Bowen frame 
camera (CZR) used for the recording of position, velocity and 
acceleration of track test vehicles and the rockets, missiles or 
other objects which may be launched or ejected from the 
vehicle during the test (Fig. 5). 

The Mitchell Chronograph, mounted on a M-45 tracking 
mount and operating at frame rates of frorh 20 to 120 frames’ 
sec, depending upon the requirements of the test, is used ex- 
tensively at the station to provide data such as attitude, de- 
flection, pitch, yaw and roll. They are frequently mounted 
on an over-track bridge to provide deflection data on ejected 
items, such as seats, dummies, capsules, etc. 

Detailed studies from the ground are provided by high 
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frame rate cameras, such as the Eastman, and the Wollensak 
Fastax prism cameras. These cameras provide data at re- 
cording frequencies of from 500 frames to 16,000 frames/sec. 

The increasing variety of tests conducted on the high speed 
tracks has resulted in a much greater need for photographic 
data recorded on the test vehicle itself. The Wollensak 
Fastax camera, which has been modified and supported by a 
special mount for operation at accelerations over 60 g has 
been applied to most of the tests requiring sled-borne photo- 
graphic recording. One pin-registered camera, the Photo- 
Sonic Track Sled Recorder, 35 mm 3 frame, provides data up 
to 200 frames/sec, and is designed to operate under accelera- 
tions up to 50 g. 

The control of sled-borne camera equipment is accomplished 
by the use of charged screen boxes mounted along the track 
beam, sled-mounted knife blades and sled-borne pistol switch 
assemblies. The firing of the squib forces a piston which in 
turn controls switches in the camera control circuits. | “oe 


The carriages required to transport the test objects are just 
as important as the high speed tracks. The carriage or sled 
designer is faced with a multitude of conflicting requirements 
which must be resolved in an optimum manner. For example, 
weight and drag must be balanced by adding thrust, but ad- 
ding thrust also increases the weight. One may find even- 
tually that adding an additional rocket to the sled will ac- 
tually decrease the maximum velocity. 

The carriage design is usually based on three phases: (a) 
Acceleration, (b) sustain and (c) braking. Economic factors 


Carriage Design 


such as propellant cost vs. performance must also be evaluated. 
More complete carriage design details may be found in the 
Appendix. 


Sled Position vs. Time 

The basic measuring system, used at the station, to deter- 
mine sled position, consists of a permanent magnet mounted 
on the sled with pick-up coils located at 100-ft intervals 
throughout the length of the track. Transmission lines con- 
nect the track coils to the terminal equipment (pulse shaper, 
timer and recorder) in the test control building. This system 
gives velocity of the sled averaged over 100-ft intervals to an 
accuracy of about 0.1 per cent. Many tests, such as inertial 
guidance system tests, require more precise measurement of 
velocity over a relatively wide frequency bandwidth. To 
meet this need, the station has developed a system for 
SNORT to determine velocity to 1/20,000. This system is 
based on a method proposed by Beutler and Rauch.* 

It consists, briefly, of using the track coil system plus a 
sled-borne accelerometer. The accelerometer and track coil 
data are combined so as to obtain optimum velocity informa- 
tion with minimum error. The track coil pulses and telem- 
etered accelerometer data are recorded on a magnetic tape 
along with a time base. The tape is played back through an 
analog-to-digital converter producing an output tape which 
is suitable for entry into an IBM 701 computer. The velocity 
data from the IBM 701 is put out in plotted or tabular form 
and on tape for further computational processes if necessary.‘ 


Typical Track Tests 


Fig. 6 shows a sled ready for an emergency escape test on 
SNORT. This is a forward section of a high speed navy 
fighter aircraft. The operation of the escape system was 


* Beutler, F. J., and Rauch, L. L., ‘Velocity Measurement for 
Rocket Sled Testing,’’ The Ramo-Wooldridge Corp., Los Angeles, 
Calif., Memorandum, Sept. 19, 1955. 

*“A Precision Velocity Measurement System for SNORT,” 
Staff Test Dept., U. S. Naval Ordnance Test Station, NAVORD 
Report 5247, April 1, 1956. 
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rward section of a navy fighter plane 
seat ejection test on SNORT 


ig. 6 The f 


Fig. 7 Test vehicle ready for tail flutter test on SNORT 


Fig. 8 Blast damage from high explosives on an aircraft wing 
after run on SNORT 
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aes tested under simulated flight conditions at velocitie 
600 knots. 


aircraft control surfaces. A sled for testing flutter charac- 
teristics of the tail assembly of a navy fighter plane is shown in 
Fig. 7. 

The sled in Fig. 8 was used to study the effects of blast from 
high explosive charges on a moving aircraft target. Extra 
- gets of slippers were used to absorb the high loads produced 
the blast. 

Fig. 9 shows a missile warhead mounted on a test sled on 
the G-4 track. The purpose of this test was to study the ef- 
fects of motion on the warhead performance. The warhead 
was detonated when the sled reached the speed comparable to 
that of the missile in free flight. F 


Summary 


A total of nearly 500 test runs were made on the supersonic 
tracks at NOTS during the calendar year 1956, an‘ increase of 
- 63 per cent over the number of runs conducted in 1955. 

The high speed track has demonstrated its usefulness as a 
tool to further knowledge in many scientific fields. It has 
taken its place along with the wind tunnel, centrifuge, shake 
table and engine test stand. The U.S. Naval Ordnance Test 
- Station has been developing and operating track testing facili- 
ties for over 10 years. Here we have an integrated facility 
which has three versatile high speed tracks with supporting 
services in engineering design, project engineering and co- 
ordination, instrumentation engineering and _ operational 
engineering. 

Research and development work in sled design, sliding 
_ friction, instrumentation, track vibration and others is pro- 
ceeding to further improve our capabilities and techniques. 


APPENDIX 


SNORT Carriage Design 


Introduction 


_ The main problem of rocket-propelled sled design is that of 
attaining the velocities required although additional require- 
ments, such as stopping the sled on the track and providing 
ye for a sustained velocity or a programmed acceleration, may 
eomplieate the problem. 
a - Due to the cost of the propellants used and the cost of the 
obi sled itself, the design problem is reduced to finding the sled- 
7 propellant system which will be the lowest in price but yet 
do the job for which it was designed. A cost study of the 
ny type shown in Fig. 10 in combination with the design decides 


the propellants used and the type of sled designed. 


> 
ean ; Features of the Design Problem 
—— For convenience, the design problem is often split up into 


three phases: 


BB The tracks are widely used to check aerodynamic flutter of 7 


ing the vehicle up to peak velocity. 


celerating the main vehicle. 


The sustain phase occurs when the rocket motor thrust 
equals the aerodynamic drag of the vehicle. 
aerodynamic drag it is usually necessary to provide consider- 
able thrust so that a condition of zero acceleration can be ap- 


proximated. 


In the braking phase the carriage is stopped by the action of 
aerodynamic drag, water braking force and track sliding 
friction. Accurate evaluation of these three forces is often 


The acceleration phase occurs while the motors are accelerat- 
The acceleration phase 
may be caused by several motors firing together or in se- 
quence or may consist of one or more detachable boosters ac- 


necessary in the design in order to meet test requirements. 


_ Since the main problem consists of reaching a peak velocity’, 
the first step is that of selecting a suitable sled-propellant com- 
bination which will yield this peak velocity. 
ommended procedure consists of utilizing an approximate 
vacuum velocity equation as follows: 


I, 


V= 


= peak vacuum velocity, fps 
= total impulse, lb-sec 


Wave = average motor weight (half burnt weight) 


Wr, = weight of test item, Ib 


Tg 
Wavet 


g = 32.2 fps? 
s,s Wawet = average carriage weight (half burnt weight 
I, = nl 
n = number of motors 
I = impulse per motor, lb-sec 


Design for Acceleration and Sustain Phases 


> 


Wsr; = weight of structure to support test item, lb 
= sled structure weight per motor—‘growth factor,” 
ght pe 


lb per motor 


W avet = Wry nWave + nO 


V nlg 
Wry W sri + nWave nO 


Wave +O + ( 


n 


By plotting V vs. the number of motors N, a curve such as 


that shown in Fig. 11 results. 


It is believed that the weight estimating procedure used in 
the vacuum velocity design equation represents a rational 


TOTAL COST FOR "WN" RUNS -@ 


EQUAL COST AREA 


EXPENSIVE HIGH 
FORMANCE 
SLED-LOW CosT 
PROPELLANTS 


NUMBER OF RUNS 


Fig. 10 Type of design as decided by required number of runs 
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Fig. 11 Correction of vacuum velocity for aerodynamic drag 


approach to this problem. For the usual SNORT sled, Ws, 
is oiten about equal to W,,. The “growth factor” 6, which 
is defined as the weight of sled structure per motor, is a 

sasonable concept since each motor will require structure to 
transmit its thrust to the test item and to support the motor 
against horizontal and vertical loads. 

In order to enable the designer to estimate a value for 6, a 
nuniber of existing carriages were analyzed and a dimension- 
less weight factor K derived. This parameter K (see Fig. 12) 
takes account of the fact that sometimes the motor case can 
be used as part of the stress carrying structure. It also ac- 
counts for the fact that the structure weight per motor is a 
function of the thrust since this structure is used to transmit 
the thrust. The carriages considered in this analysis (see 
Fig. 12) run, in order, from heavy inexpensive steel pipe con- 
struction to faired aluminum stressed skin construction. The 
fact that as performance increases weight decreases is clearly 
seen. 


Velocity Reduction Due to Aerodynamic Drag 


Unfortunately in the design equations considered so far, 
no correction has been made for aerodynamic drag. There- 
fore, after selecting the number of motors needed from the V 
vs. Y plot, the designer takes the test item, the V motors, the 
skids, and makes a series of layouts showing various arrange- 
ments of test items, motors, skids, water brakes, ete. 

Upon selecting the most likely configuration, the aero- 
dynamic drag at peak velocity is computed. By doing this, 
the designer is able to make such a simple check as determin- 
ing whether the drag exceeds the thrust at peak velocity. 
Also if a sustain phase is desired, the sustainer requirements 
can be estimated and the weight added into the carriage 
weight, for correction of V vs. N plot. For this peak drag 
calculation, past experience at NOTS has demonstrated that 
it is possible to predict the drag to within +30 per cent. 

The next step after computing the peak velocity drag is to 
calculate the velocity reduction caused by aerodynamic drag. 
Due to the “second order” effect of the drag correction, certain 
simplifying approximations can be easily made. The first 
assumption is that the drag is linear with velocity between 
700 fps and the peak velocity. (Justification of this assump- 


tion will be given later.) The derivative of a simple velocity 
correction formula is then possible. p< 
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said = average mass of carriage, slugs 
= thrust, lb 


10 " 12 3 1? 


= drag coefficient 

= drag reference area, ft? 

= mass density of air, slugs/ft* 
= velocity, fps 


Cp =NVtP=N P (eve Fig. 15) 


2 \dt d 
dx dv 
+NV=T-P 


Solve This with Following Boundary Conditions: when t = 
0, V = Vo; whent V = V. 


> a 


Upon plotting the corrected velocity on the V vs. N plot, 
Fig. 11, one can see the effect air drag has on peak velocity. 
By noting the difference between the two velocities one can 
estimate possible increases of velocity by streamlining and 
can re-evaluate the propulsion system. By repeating this 
procedure until a satisfactory velocity is obtained, an opti- 
mum configuration and propellant system can usually be ar- 
rived at. The air drag velocity equation can also be solved 
for the “boost velocity”’ Vo if a booster is to be used. 


Discussion of Aerodynamic Drag Prediction 


The importance of synthesizing an accurate drag curve 
during design of a supersonic carriage cannot be overempha- 
sized. In the past a tendency on the part of the designer to 
underestimate the drag of a carriage has been noted. If the 
drag is underestimated, the motor requirements will be under- 
estimated and the magnitude of the stopping problem will 
appear greater. 

Fig. 13 shows a series of curves which plot Cp vs. Mach 
number. The range of reasonable C, values probably lies 
between that of the cone cylinder and that of the flat noted 
cylinder. The major difficulty with applying these curves to 
carriage drag prediction is that an actual carriage is composed 
of many elements: Cones, wedges, cylinders, flat plates, base 
drag, skin friction and interference drag. Procedure used at 
NOTS is that each element is handled as a separate part and 
the Cy of each part is multiplied by the area A of that part 
and the C,A are totaled to give aC,A for the complete car- 
riage. An example is given in Fig. 14 which illustrates an 
“aerodynamically clean” carriage. It should be noted, for 
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FLUTTER TEST VEHICLE 
PEAK VELOCITY 1150 FT/SEC 
GYRO TEST VEHICLE THRUST CAVE) 
PEAK VELOCITY 1700 FT/SEC wore 
@* KT + Wease 
0202 * 
WARHEAD TEST VEHICLE @ + "GROWTH FACTOR” LBS/MOTOR 
PEAK WELOCITY 1500 FT/SEC Wease WEIGHT OF EMPTY MOTOR CASE-LBS 
LLL PARACHUTE TEST VEHICLE 
vA PEAK VELOCITY 1600 FT/SEC 
0160 
VUllt/tLLLA, CROSS WIND FIRING TEST VEHICLE 
3 PEAK VELOCITY 1870 FT/SEC 
0132 
RAY DOME TEST VEHICLE 
G PEAK VELOCITY 3000 FT/SEC 
' 2 3 


DIMENSIONLESS 


Fig. 12 Sled structure and motor case weight per pound of motor 
thrust 
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Fig. 13 Sled aerodynamic drag coefficients limitations 


this ‘aerodynamically clean” carriage, that over half the 
drag is composed of attachments to the basic cone cylinder 
carriage body. 

Experience at NOTS has indicated that it is possible to 
build up a drag curve which will be accurate within +30 per 
cent (with the supersonic part being more accurate than the 
subsonic portion). A plot of drag vs. velocity is given in 
Fig. 15. This plot is based on drag of the NOTS Model 
3500-01 track carriage. Skid friction is included in this plot 
and, as can be seen, is a very small part of the total drag. 
Fig. 15 is the curve which was used for the previous V vs. V 
plot drag correction and it is seen that the straight line ap- 
proximation from 700 fps is justified, particularly since the 
drag curve is only accurate to +30 per cent. 


Braking Phase 


The problem of stopping a carriage on the track can quite 
often be accomplished on SNORT by the combination of air 
drag and track friction. If one depends on this type of brak- 
ing it is desirable to have estimated correctly the air drag. 
If the air drag is underestimated the carriage will appear to 
coast too far and a water brake will appear to be necessary. 
Due to the possible 30 per cent error in the theoretical drag 
curve, usually the drag is lowered by 30 per cent in estimating 
the coast distance so as to give a conservative coast distance. 

If a water brake is necessary, there are two types: The 
probe brake which consists of an angle which the carriage 
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Fig. 14 Rocket propelled sled aerodynamic drag coefficients 


drags through the water, and the momentum exchange brake. 
The probe brake is generally not used on large carriages or for 
deceleration exceeding 5 g because of the structural problems 
associated with transmitting the braking force into the 
carriage. 

The momentum exchange brake has been more highly dv- 
veloped than the probe brake and is generally considered to 
be the high performance brake. The design of a brake for a 
given carriage system is a problem in itself; however, prac- 
tically any deceleration can be obtained. The limited experi- 
ence with the momentum exchange water brake indicates that 
a deceleration can be easily predicted and held within about 
+20 per cent. 

The complexity of the braking phase can be seen from an 
inspection of the equations of motion which describes the 
braking phase. 


CpAp ( dz \? 
m + KA + wf = 0 
dt? 2 \dt \ dt 
carriage air water skid 
deceleration drag brake friction 
term 


C, and f are functions of velocity, A is a function of the 
type of waterbrake used, and A, is the cross section of water 


—— Friction gaia Friction 


Skid ee Skid Reaction 


7 


Instantaneous Carriage Weight — Ibs 
32.2 fps? 
Instantoneous Carriage Acceleration — fps* 
Aerodynamic Center of Pressure 
CG: Center of Gravity of Carriage 


Fig. 16 Forces acting on carriage 
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picked up by the water brake entrance section and is a fune- 
tion of the distance XY traveled down the track. Useful ap- 
proximate solutions to this equation have been developed.® 
It is desirable to consult with NOTS before a water brake is 
designed. At present the NOTS is engaged in a theoretical 
and experimental study of the water braking problem. 

The track friction term f is never greater than 0.35 and for 
velocities over 150 fps is constant at about 0.11 to 0.15. Al- 
though track friction is the force that finally stops the car- 
riage, for velocities above 200 fps the track friction term can 
be neglected. 


Structural Design 


A further dynamic load encountered by the carriage is 
track induced. Since the track is not perfectly aligned, the 
skids in traveling over the rail will bounce over local track 
roughness and cause deflections (and hence stresses) in the 
carriage. The horizontal and vertical loads induced by 
track roughness and malalignment are often referred to as 
“bounce loads” and experience has indicated that the follow- 
ing equivalent values of acceleration applied to the carriage 
may be used: 2.0 g up to 500 fps, 5.0 g up to 1500 fps and 
7.0-10.0 g above 1500 fps. Studies of bounce load are 
presently in progress. 


-b Combination of Static and Dynamic Loads 


The art of SNORT carriage design has progressed to the 7 “ As a general rule the bounce loads are superimposed on the 


point where it is possible to successfully design using a safety 
factor of 1.5 (based on yield strength). The necessity for 
this low factor of safety is, of course, dictated by the desire 
to keep the sled structural weight as low as possible so as to 
minimize propellant requirements. 


Freebody Diagram in Design 


The key to successful SNORT carriage design lies in the 
correct application of the “free body” diagram (Fig. 16). 
The forces acting on a carriage are the thrust vector, aero- 
dynamic drag and lift vectors, and the inertia of the carriage 
acting through its center of gravity. Since the externally 
applied forces almost never pass through the center of grav- 
ity, reactions on the carriage skids results. 7 : 


Skid Wear Often Critical 


If reactions on the skids result in a nominal bearing Joad on 
the skid plates greater than 260 psi, a problem must be 
expected. Consequently, it is desirable to attempt to reduce 
skid reactions by designing so that the thrust and drag 
vectors pass through, or at least close to, the carriage center 
of gravity. However, additional skids can be added if skid 
reactions cannot be kept down. The rail itself can with- 
stand a maximum load (upload) of 37,000 lb. The heavy 
duty skids available at NOTS can withstand an 8000 Ib- 
upload (260 psi, bearing load) before wearing dangerously. 
It is desirable, however, to keep the load application time 
below 2.0 see if possible. Studies into skid wear are in 
progress at NOTS. 


Dynamic Design Criteria 


In most carriage design, the rocket motors used have a 
very sudden thrust build-up (5 to 10 millisec) and hence the 
thrust constitutes a “suddenly applied load.” Therefore, 
in the design of the structure a factor of 2.0 should be used 
when computing the reactions just after motor ignition. 
Since this is a “transient” lead, it is not considered when 
computing skid reaction. 


D. M., and Ankeney, D. P., U. S. Naval Ordnance 
“Ballistic Formulas for Track Carriages,’’ NOTS, 
Calif., Jan. 24, 1956. (NAVORD Report 4998, 


Nelson, 


Test Station, 

China Lake, 

NOTS 1330.) 


“free body” reactions when computing stresses in the car- 
riage structure. However, only the free body reactions are 
used in computing the bearing load on the skids when check- 
ing for the allowable skid “wearing” load. This procedure 
of ignoring bounce loads in computing wear loads is not very 
rational but it probably can be excused since it has grown 
from empirical data derived from cases where skids have 
worn excessively on actual carriages. 

For supersonic carriages the thrust and aerodynamic forces 
usually are much greater than any other forces and the 
carriage is primarily stressed for these forces. For the sub- 
sonic carriage, bounce loads are usually critical and the 
design is often decided primarily by this bounce load. 


Peak Design Forces 


For the average carri: age the peak forces (and hence maxi- 
mum stresses) applied to the carriage may occur at four 
points during the travel of the carriage down the track: At 
main carriage motor ignition, at peak motor thrust (usually 
at midpoint of burning time), at peak velocity (motors 
about to burn out) and shortly after water brake engagement 
(peak braking deceleration). It is usually necessary to 
check the design at these points. 


Aerodynamic Loads on Carriage Bottom 


One factor peculiar to track testing is the possibility of 
high aerodynamic lift loads created by aerodynamic “‘chok- 
ing” of the duct formed by the carriage bottom and the 
trough between the rails during transonic velocities. This 
choking problem can usually be eliminated if the bottom of 
the carriage is parallel to the trough bottom and the carriage 
bottom does not extend completely to the r: uils so as to per mit 
pressures developed to bleed off. 

Conclusion 


The problem of rocket-propelled carriage design has been 
briefly discussed with emphasis primarily on the importance 
of a correct initial design study. Structural criteria have 
also been discussed, with the major design approach and 
criteria outlined. 

It is hoped that this paper will stimulate criticism and 
discussion of the approach used in the design of high speed 
track-borne vehicles. 
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ITH an increasing requirement for the terminal evalua- 

P4 tion of rocket warheads and fuses, it was decided that a 

wep _ very long launcher or ballistic track would best fulfill this 
need. 

The Aberdeen track was constructed in 1953, and the first 
test round fired during the latter part of October 1953. Since 
this time over 700 test and experimental rounds have been 
fired, the bulk of test work being on classified rocket war- 

_ heads and fuses. 

_ Along with test work, firings have been made to reach a 
higher maximum terminal velocity. 

The track is available to all Department of Defense agen- 
cies and to organizations developing products related to 


For all firings, test items have been propelled by solid pro- 
_ pellant rocket motors. 
Various combinations of booster motors and boost stages 
have been used to obtain desired terminal velocities. On light- 
_ weight warheads, one rocket motor and one stage have often 
been sufficient to give desired results. On heavy warheads or 
light loads at high speeds, multiple motors and two or more 
stages have been required to obtain desired velocities. 
The rocket motor that has been the workhorse for most of 
these firings has been the Navy 5-in. HVAR. This high 
__-velocity aircraft rocket has been suitable as a booster motor 
for velocities slightly beyond Mach 2. The motor as used 
without warhead weighs 81 lb, including 25 lb of propellant. 
This gives a propellant to total weight mass ratio of 31 per 
cent, which is quite low. However, with the added skid 
hardware weight of 10 lb, the mass ratio drops to 273 per 
cent. In addition to the mass ratio handicap, the motor 
burns for the relatively long period of 1 sec at 70 F. With a 
two-stage boost of 2 sec and only 2500 ft of track, it was diffi- 
cult to exceed 2500 fps and burn all the propellant in each 
motor. 
To meet a test requirement for velocities in excess of Mach 
3, it was necessary to find a booster motor that had a higher 
mass ratio and a shorter burning time. Furtunately, some 
3-in. antiaircraft rocket motors were available. These 
- motors had a much higher specific impulse, a higher mass 
_ ratio—12 lb of propellant to 18 lb of total weight or 66 per 
cent, and a shorter burning time—? sec at 120 F. Ona 
check run that used two of these motors in the first stage and 
one motor in the second stage, a velocity of 3925 fps was at- 
tained. Had the track been longer, the velocity would have 


Introduction 


Track Test 


ay * been greater, because only 70 per cent of the energy was used 


: 7 r. in the first stage. The second stage was burnt out so that the 
7 - oe test item would not be under thrust at the end of the track. 
a is ~ Consideration i is being given to lengthening the track so that 


higher velocities can be attained. 
Supersonic Ballistic Research Track 
i The ballistic track is a precision aligned research traek 


Presented at the ARS Spring Meeting, Washington, D. C., 
April 4-6, 1957. 
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Aberdeen Proving Ground Ballistic Track 


_ Aberdeen Proving Ground, Aberdeen, Md. 


located at Gunpowder Neck, Aberdeen Proving Ground, Md. 
(see Fig. 1). The 2448-ft track was built to provide guidance 
for rockets to reduce the dispersion of rounds during terminal 
ballistic tests at speeds ranging into the supersonic. It can 
be used for a variety of testings which require high velocity 
under conditions simulating free flight, with the advantages 
of controls approaching laboratory conditions. 

Items tested on the track are mounted on metal shoes. 
The items are accelerated to required velocities by the use of 
combinations of rocket motors. 

Uses 

The ballistic track is available for a variety of testings 
(Fig. 2) which require high velocity, such as: 

Aeroballistic Tests of Rockets, Guided Missiles, airplaue 
models or their components, under conditions approximating 
free flight into the supersonic range, enabling measurements 
of acceleration, velocity, lift, drag, and vibration. 

Terminal Ballistic Tests evaluating impacts of missiles at 
high speeds into stationary targets. This includes warhead, 
warhead components (initiator, charge, metal parts, etc.) 
and fuze functioning, penetration, fragmentation, sensitivity, 
and telemetering tests against various thicknesses of target 
materials at different obliquities. 

Tests of Ejectable Ordnance Components, such as warhead 
submissiles. 


Physical Information 


The track is actually a dual-rail monorail type, 2448 ft 
long. The cold-rolled steel rails are 2 X 1 in. in cross section 
with a 2-in. space between rails. See Fig. 3. Rail sections 
are 12 ft long and are attached in parallel by countersunk 
bolts to three point support saddles that permit horizontal and 
vertical adjustment. See Fig.4. The foundation isa concrete 
wall of 24-ft sections tied together with steel reinforcing bars to 
allow for expansion and contraction due to temperature 
changes. The grade of the track approximately parallels the 
slope of the terrain which is 0.2 per cent upgrade. 

Shoes carrying the test items are usually of aluminum and 
are machined to lock on the track. During firing no lubri- 
cant is used on the shoes or rails. 

A full-length corrugated canopy covering the track allows 
for operation under various weather conditions. =| 


Precision Aspects 


Track alignment is obtained by sighting a theodolite over 
the track. This affords a minimum of lateral and vertical 
dispersion. The alignment is as accurate as instrument cross- 


Fig. 1 View of the ballistic track from firing shelter to target area 
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hairs permit and approaches § in. over the length of track. 
Leveling is accomplished in 14-ft sections to within 0.002 in. 
by means of a feeler gage. 


Performance 


Allowing continuous acceleration, possible runs are as indi- 
cated in the values shown in Table 1. 


Boosters 
si% &. 


Rocket boosters are used to accelerate test items along the 
track to required velocities. Various physical arrangements 
of boosters allow particular velocities to be obtained depend- 
ing on test requirements. Boosters are fired at different foot- 
ages along the track by contact knives cutting high potential 
screens. Temperature conditioning of boosters enables higher 
velocities by operation at elevated temperatures. 
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Fig. 3 Cross section of track structure 
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Fig. 2. A first-stage pusher combination of two rocket engines in parallel 


we 
Total 
weight 
of test Weight of | Acceleration, Velocity, 
system, Ib payload, Ib g fps 
119 1.5 3625 
235 45 1400 
525 250 1100 
2600 590 700 


Separation Technique 


_ In most cases test items are mounted above the front booster 


and are separated at the terminal end of the track by means of 
an explosive bolt arrangement (Fig. 5). The boosters may be 
deflected so they impact an earth mound and do not interfere 
with terminal ballistic evaluation of the round. 
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Track —" can whe obtained downtrack at any preselected 
distance. Velocity performance can be measured by means 
of a magnetic-pickup coil system (Fig. 6). Telemetering, 
_ photographie coverage, and other types of instrumentation 
are available. 


Sequence Control System 
This system consists of a timer panel with adjustable time 
switches driven by a synchronous motor. Wire cables and 
terminal equipment are used for controlling cameras and for 


Magnetic Pickup System 


Velocities along the track are obtained by a magnet and coil 
system. As the magnet mounted on the front booster passes 
over coils along the track, electrical impulses are sent to the 
instrument trailer. The signal is recorded on a millisec time 
based on teledelto tape and a 16-mm film. From this, data 
velocities and accelerations can be obtained. Associated 
equipment such as oscillograph recorders and magnetic tape 
recorders are also available. 


7 Photographic Instrumentation 


On all firings a combination of Bowen, Mitchell, Fastex, 
Smear, Polaroid and standard motion picture cameras can 
be use d to obtain data to determine functioning, angle of im- 


pact, events, etc. See Fig. 7. 


Fig.7 A Fastax photograph for study 
of fuze etc. 
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7 Fig. 5 Typical booster arrangement showing explosive bolt at front booster 
| 
| 
( 
= 
4 
i 
h 
Fig.6 Typical coil mounting on track 


Instrumentation Services 
Development and proof services at Aberdeen Proving 
Ground have processing facilities and equipment available to 
support all photographic requirements. 


Special and Associated Facilities 


Controlled Temperature Conditioning 


The temperature conditioning facilities are largely the sta- 
tionary mechanical type ranging in size from a few cubic feet 
to over 1500 cu ft. Portable equipment is also in use. These 
facilities are capable of maintaining temperatures in the range 
of —90 F to 175 F over an extended period of time and within 
imits of +2 F. 


Storage 


A building designed for safety-approved assembly, loading, 
fuzing, boostering and static detonation equipment and per- 
sonnel is available in the vicinity of the track. Diverse build- 
ing and igloo magazines for storage of propellants and missiles 


Associated Facilities 


The use of the ballistic track is enhanced by a number of 
supporting facilities, including the development and proof 
services of Aberdeen Proving Ground which consists of over 
300 military and civilian engineers and scientists. The ana- 
lytical laboratory division supplies complete project engineer- 
ing services including evaluation and reduction of test data 
and reporting. Fabrication, machine shop and associated 


facilities are available. 


.. 


Introduction 


HE development and use of tracks as a testing media 

have progressed from preliminary investigations to an 
operational tool in a matter of only a few years. Investiga- 
tions in 1944, relative to launching carrier designs for the 
JB-2 and other missiles, were instrumental in establishing 
subsequent studies that resulted in construction of a 2000-ft 
track at the Air Force Flight Test Center (AFFTC) at 
Edwards, Calif. 

The operational success and the high speeds obtained on 
this track precipitated further investigations that culminated 
in construction of the FATF (Free Air Test Facility) consist- 
ing of 10,000 ft of precision-aligned high speed track, built for 
the purpose of investigating aerodynamic parameters in the 
transonic speed range. The use of this track has transcended 
design expectations. 


Deceleration Track 


The 2000-ft track at the AFFTC was supplemented in 
1947 with a hydromechanical braking system and since 
that time has been used principally for deceleration 
investigations. Tests have been conducted on aircraft seats, 
inertia reels, crash restraint harnesses, litter restraining devices 
and other equipment that is required to operate under 
high rectilinear deceleration forces. The first deceleration 
tests were conducted on dummies and animals, and later on 
human beings, to investigate crash effects on the human body. 
The most famous track test subject, Col. John P. Stapp, 
initiated aeromedical track work at this facility during this 
period. 

Deceleration is obtained by presetting the hydraulic pres- 
sures in the braking system in accord with the required re- 
tarding force. The rocket sled carrying the test item is then 
fired into the braking area at a velocity between 220 and 300 
fps. The sled automatically trips each programmed brake as 


Presented at the ARS Spring Meeting, Washington, D. C., 
April 4-6, 1957. 
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Track Testing at the Air Force Flight Test Center 
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it passes. Preset hydraulic pressure is applied to the brake 
shoes to develop the predetermined retarding force. The sled 
leaves the braking area at low velocity and coasts to a stop a 
few hundred feet away. In case the braking system fails to 
operate properly, a cable arresting device is located at the end 
of the track to effect recovery. >= 


High Speed Track 


The high speed track consists of 10,000 ft of precision- 
aligned, standard-gage, railroad-type track, with a water 
brake recovery system, space-time system, instrumentation 
and other supporting facilities. 

The track itself is made of 115 lb per yard rail aid on con- 
tinuous reinforced concrete beams. The beams are tied to- 
gether with reinforced concrete ties every 9 ft. Theoretical 
consideration of the critical velocities of the rail and beam in- 
dicates that at the critical velocity of approximately 2000 
fps, sleds weighing 13,500 lb can be operated safely. Con- 
siderably higher loads are possible at velocities other than 
critical. Parachute drag loads of 66,000 lb have been applied 
without difficulty and a project which develops a 100,000-Ib 
drag load will be started presently. 

A water trough, which is part of the water braking system, 
is located between the rails, extending 2000 ft from Station 80 
to Station 100. The braking force is developed by the vehicle 
mounted water brake which scoops up water from the water 
trough and turns it through an angle of approximately 170 
deg before it is discharged. Vehicles weighing as much as 
10,000 lb have been stopped from a water brake entry velocity 
of 1000 fps. Higher entry velocities have been reached at 
lower weights. Larger and stronger water brakes are being 
constantly developed to keep abreast of ever increasing ve- 
hicle sizes and recovery velocities. 

Propulsion for tests is provided by both solid and liquid 
propellant rockets. The majority of vehicles utilize solid 
rockets which are frequently fired in a programmed sequence 
to provide acceleration or speed patterns. Three liquid rocket 
engines are in current operation at the AFFTC. Two of these 
engines are the lox-aleohol type rated at 50,000 lb of thrust 
for 4.5 sec. One uses a red fuming nitric acid and aniline with 
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ESTIMATED MAX VELOCITY IN MACH NO 


1 2 3 4 5 6 7 


TYPE OF PROJECT 
PROJECT: 


TYPE |- HEAVY if IZEO V = POWER PLANT & FUSELAGE SECTION 
(RAM RECOVERY @ DUCT INSTABILTY), eT Ename THRUST REVERSER TESTS, WING & 
FUSELAGE DRAG @ LIFT DETERMINATIONS; 

TYPE 2- LIGHT Low ATION tJ} = MISSILE COMPONENTS @ GUIDANCE 
SYSTEMS, AIRCRAFT POWER PLANTS @ ASSOCIATED PIPING VALVES @ TANKS, ETC 

TYPE 3- MOD.WT. MOD. ACCEL. VEL. ~ FLUTTER TESTS OF TAKS, MISSILE 
WINGS, ACFT WING ELEMENTS @ AILERONS, TESTS OF ESCAPE SYSTEM COMPONENTS, 
WINDBLAST TESTS OF PILOT EQUIPMENT, ETc 

TYPE 4- MOO.WT STABLIZED VE = PARACHUTE TESTS, DET OF EFFECT OF SHOCK 


WAVES ON ELECTRICAL LINE OF RAM AIR TURBINE TESTS, ETC 
TYPE S- MOO. TESTS SIMILAR TO TYPE 2 
TYPE 6- MOD.WT. HIGH ACCEL. TESTS SIMILAR TO TYPES 285 
TYPE 7- VERY LIGHT WT MOD ACCEL (IS G'S)~ Rain EROSION TESTS, wiNDBL AST TESTS 
OF PLOT EQUPMENT,ETC. 


Velocity vs. project type at AFFTC 10,000 track 


LEGEND track 


Fig. 1 


a maximum thrust rating of 22,000 Ib. Action has been 
taken to procure two additional liquid rocket engines with 
: Y greatly increased thrust and with throttling control features. 
___- Velocity, acceleration and rate of acceleration are deter- 
mined accurately from the space-time system which consists 
is of coils spaced along the track at 50-ft intervals. Each coil 
generates a pulse from the passage of a sled mounted magnet. 
_ The pulses are recorded with an accurate time base. Velocity 
; = be determined within +0.2 per cent accuracy. A Doppler 
cs radar system is currently being checked out, which will 
not only improve accuracy, but will be capable of presenting 
immediately following a run. 
Instrumentation is primarily of the FM/FM telemetering 
type. Transmission of data can be accomplished on as high 
_ as 40 channels and parameter frequencies as high as 2000 eps 
ean be recorded accurately. Strain gages, pressure trans- 
ducers, accelerometers, load cells and many other primary 
transducers are available. Rec ‘ording is done on tape re- 
a ghala with playback to oscillographs or into automatic data 
ss assessing equipment. Direct recording of data on board the 
test vehicle has been done, but with difficulty. It is a problem 
to operate recording devices under the accelerating and de- 
; _- loads reached on most track tests. Photographic 
. _ data recording is an important part of track test work. Many 
types of cameras are used alongside the track, on test vehicles 
and along the metric camera range. The metric camera range 
consists of accurate camera mounts at 100-ft intervals along 
a line parallel to and 360 ft south of the track. This gives 
overlapping coverage for 2000 ft. Trajectories of hatches, 
seats and dummies are obtained from this camera range as 
well as the behavior of any sled-borne items such as para- 
chutes, aerodynamic surfaces or flutter models. Eastman 
High Speed and Fastax cameras have been operating with 
color film to speeds of about 700 frames per second. A much 
improved tate camera is under test to or ata resolution, 


better definition and a larger image at higher exposure rates. 

Many other supporting items are required for a test facility, 
such as shops, handling equipment, blockhouses with rocket 
firing control systems, varieties of solid rockets, liquid rocket 
fuels and oxidizers, protective devices and development 
laboratories including instrumentation shops. One of the 
notable features at the AFFTC is the large variety of test 
sleds, or chassis, available for mounting test models. Some 
chassis are used for as many as four or five projects. For in- 
stance, one vehicle has been used for four seat ejection 
projects, another for three parachute programs and another 
for five full-scale tail flutter tests. When a test vehicle is 
available for a project it reduces substantially the cost of the 
project and the time required for test preparation. 


Performance Envelope 


The most spectacular feature of track operation is the high 
performance obtained. It is awe inspiring for an observer to 
witness from close proximity a test vehicle traveling across the 
terrain at a speed in excess of Mach 2 and to experience the 
resulting shock wave. Fig. 1 illustrates in general the per- 
formance and test variety capabilities of the AFFTC 10,000-it 
track as well as the capabilities of the programmed 20,000-it 


New Facilities 


A project has been approved to rebuild and extend the 10,- 
000-ft track to a length of 20,000 ft and to provide additional 
supporting facilities. This development will extend the test 
speed capabilities to more than Mach 3 and will facilitate the 
testing of vehicles large enough to carry complete weapons 
systems. 

The maximum speed for some projects on the present 10,- 
000-ft track is limited by the combination of track length, re- 
covery capability and allowable acceleration. The distance 
required to accelerate and decelerate varies with test objec- 
tives, but in cases where supersonic speed is required, the re- 
maining distance in which the test takes place is limited. Ex- 
tension of the track will increase this distance substantially. 
This increase in test time, or distance, does not require a 
corresponding increase in expensive accelerating rockets anc 
therefore results in operational economy. 

One of the most important features of the extended track 
will be the economy effected by the expanded use of liquid 
propellant rocket engines, which generally operate at a lower 
acceleration and at much less cost than a corresponding solid 
propellant engine. The longer track length allowable for 


acceleration facilitates the utilization of the liquid engine with 
its correspondingly smaller cost. 
A comparison of track beam cross sections, Fig. 2, reveals 


FT SPEED TRAE 
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2 of track beam cross sections 
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the continuous increase in performance and applied structural 
loads. The AFFTC 20,000-ft track will be able to handle 
100,000-lb loads at the critical velocity of approximately 2900 
fps. At higher and lower velocities, the allowable vehicle 
weight increases rapidly in accord with decreased magnifica- 
tion factors. Construction of the new track will be followed 
by careful instrumentation to corroborate the design calcula- 
tions. 

Planned facilities are extensive. Besides machine shops and 
office buildings, there will be interior space provided for simul- 
taneous work on several test vehicles. Design and construc- 
tion of the liquid propellant, oxidizer and high pressure gas 
storage and servicing system constitute a major project. Re- 
vision of the present instrumentation system is in process and 
integration of the system with the AFFTC base-wide data re- 
duction installation (Project Datum) is expected soon. 


Development Problems 


There are many research and development problems con- 
nected with track operations which must be solved to permit 
the maximum possible economical use of this increasingly im- 
portant test tool. Several major problems are those associated 
witli the wear of slippers at velocities above 3500 fps, recovery 
of supersonic vehicles, aerodynamic interference effects caused 
by the operation of vehicles at supersonic speeds in close 
proximity to the ground and adequate and reliable propulsion 
systems. All such problems are being constantly investigated 
in an effort to improve track capabilities. _ 

Propulsion 

Although the backbone of track propulsion in the past has 
been the standard JATO units, it is becoming increasingly ap- 
parent that powerplants must be tailored to the track require- 
ment. Several years of experience in the use of both solid and 
liquid systems at the AFFTC high speed track have evolved 
the requirement for a liquid propulsion “‘pusher”’ or “‘locomo- 
tive’ to be used as a workhorse-type system for the majority of 
projects. This concept offers a very practical solution to the 
twin propulsion dilemmas of system versatility and adaptabil- 
ity to short-term projects. Economy is preserved, even 
though some weight penalties will result from separation of 
the propulsion system and test specimen. In this manner, a 
liquid system can be used interchangeably and with complete 
flexibility for a wide range of totally unrelated projects, rele- 
gating the use of expensive solid propellants to the marginal 


: Track Testing at the Air Force Armament Center 


ECENTLY, construction of a new track-type testing 
facility was completed at the Air Force Armament 
Center, Eglin AFB, Fla. This facility, the Damage Potential 
Range, is designed primarily for conducting terminal ballistic 
tests of air armament undergoing engineering evaluation and 
development at AFAC. Outstanding feature of this new 
range is the Damage Potential Launcher, a 2000-ft track which 
provides AFAC with its first supersonic track-type testing 
capability. 
Initial track testing at AFAC began in 1954 on the rocket 
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high performance projects. AFFTC plans for the develop- 
ment of liquid propulsion systems are directed along the lines 
of the pusher concept and include provisions for stabilization 
of velocities by means of vernier thrust control. 

Many varieties of JATO units have been used at the AFFTC 
facility. The choice of units in the early period of track 
operation was normally based on their availability in military 
stocks. One particular unit, the only one available at that 
time, was condemned prior to its adoption at the high speed 
track. Operation with this unit resulted in an average of one 
explosion in about 20 firings. In recent years, the 2.2 KS 11,- 
000 has been consistently used as a workhorse powerplant 
with good reliability. However, there is a need for larger, 
higher performance, more reliable units. Some features which 
must be available in a solid system are low weight, a standard 
short-time squib ignition system, small frontal area, high 
acceleration limits, constant operation over a wide ambient 
temperature range, and a long storage life without deteriora- 
tion. 

AFFTC experience has shown that liquid powerplants can 
be repeatedly fired with good reliability if reasonably good 
maintenance standards are maintained. Considerations of 
track requirements coupled with operational experience have 
resulted in operational specifications and design criteria for 
rocket powerplants that will be applicable not only to the 
expanded AFFTC facility but to other track installations as 
well. Many of these specifications arise from track-type 
operational requirements, but the most unique feature is the 
requirement that the rocket engine be throttleable and con- 
trollable in accord with a present program or by means of an 
operating transducer. This prominent aspect evolves from 
the track project plans that frequently call for either pro- 
grammed or limited acceleration, velocity, dynamic pressure 
or other parameters for which sensing instrumentation can be 

Conclusion 

Experience and imaginative thinking will lead to the in- 
creased use of test tracks for evaluation of aircraft or missile 
sections, their components, structures or powerplants. Effec- 
tively increasing the operational scope of track tests to attain 
optimum usefulness requires continual facility development. 
Therefore, each track is continually developing new capabili- 
ties, new skills and new powerplants, which lead to further 
demands for more speed, higher accelerations, better power- 
plants and instrumentation. 


launching track, lccated on the rocket ballistic range. This 
track, 502 ft long and inclined at a 5-deg angle to a horizontal 
ground line, is used primarily to accelerate rockets to aircraft 
velocities in order that simulated aircraft launching of the 
rockets can be evaluated. 

The Damage Potential Range is located about 30 miles 
northeast of the main base facilities at Eglin AFB. The 
broken terrain on which the range is located has an average 
elevation of 220 ft above sea level. 

The range danger area is in the shape of a fan, with the 
track situated at the narrow end. The area extends down 
range approximately 6 miles from the muzzle end of the 
track and can be extended to 12 miles. 
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A railroad spur line, which passes within a half-mile of the 
range, can be used to haul in heavy test equipment and target 
material. 

The prime capability of this new range is the Damage 
Potential Launcher, formed by a 2000-ft reinforced concrete 
beam which has an H-shaped cross section. The beam is 
inclined at a 0.6 per cent grade, the muzzle end of the beam 
being 12 ft higher than the breech end. Many of the design 
features of the G-4 and SNORT tracks located at the U. 8. 
Naval Ordnance Test Station, China Lake, Calif., were 
utilized. 

Of particular concern during the design of the track was 
the condition of the subgrade at the range site. The soil 
there consists primarily of fine and loosely compacted sand 
which is structurally very unstable. For this reason a 15-ft- 
wide trench extending the length of the launcher beam was 
excavated to a depth of at least 3 ft below the lowest point of 
the launcher. This trench was then filled and compacted to 
a suitable soil density with vibrating rollers. 

A 2000-ft continuously welded rail, weighing 171 lb per 
yard, is set on each leg of the concrete beam at the standard 
railroad gage of 563 in. The rails are secured to the con- 
crete beam by means of “sleepers” which are located every 
30 in. along the length of the rails. The sleepers permit 
both horizontal and vertical adjustment of the rail for 
alignment purposes. 

Rail lengths are jointed tcegether by a pressure welding 
process. After welding, all rail joints were normalized and 
ground smooth. Each 2000-ft length of rail is rigidly an- 
chored to the concrete beam at both ends of the track. The 
sleepers have been designed with sufficient strength to main- 
tain the desired alignment tolerances despite the stresses 
‘aused by temperature changes of the rail. 

First-order survey techniques were used in aligning the 
rails. Monuments, located on a base line parallel to the 
track, comprise a reference line. Using an optical alignment 
jig, the rail alignment was established within the following 
tolerances: 0.030 in. maximum horizontal deviation from a 
straight line over a 10-ft span; 0.030 in. maximum vertical 
deviation from a straight line over a 10-ft span; +0.015 in. 
deviation from standard gage at sleeper locations. 

In anticipation of future demands which may be placed on 
the launcher, the range has been designed with provisions for 
a 1000-ft extension to the breech end of the track. 

The range control building, designed to protect its occu- 
pants from explosions or other hazardous conditions which 
may occur during a test, houses range communications, 
firing panels, instrumentation programmers, data recording 
equipment and timing equipment. 

Five concrete barricades along the side of the track protect 
range personnel during squib-checking operations. 

Three permanent instrumentation sites in the vicinity of 
the target area or muzzle end of the track are suitable for 
CZR-1 or Fastax cameras. 

Two spotting towers located down range permit rough 
determination of location of test item impacts. 

Rocket temperature conditioning chambers (with a range 
from 160 to —80 F), rocket static thrust stands, magazines 
and live ammunition assembly buildings are available at the 
adjacent rocket ballistic range, appreximately one mile 


away. 
Instrumentation and test equipment are available to handle 


basic requirements for the anticipated test programs. This 
equipment includes a magnetic pickup velocity measurement 
system, CZR-1 cameras, Fastax cameras, Warrick Streak 
cameras, a 2000-cycle flash lamp system, instrumentation 
programmer, data recording equipment and timing equip- 
ment. 

This initial instrumentation will not be adequate to satisfy 
many future AFAC test requirements, and planning is under 
way to supplement the instrumentation array. Aerojet- 
General Corp. has completed a preliminary planning stud) 
for future range instrumentation and test equipment which 
in part, proposes the use of micro-flash x-ray equipment, :: 
Doppler radar, telemetry equipment, a ballistic pendulum 
witness screens and fragment collectors. Also proposed, 
primarily for use as test vehicle instrumentation in conjunc- 
tion with the telemetry equipment, are a variety of trans- 
ducers for measuring temperatures, pressures, accelerations 
vibrations and structural stresses. 

Because of varied requirements for rocket-propelled tesi 
vehicles to be used at AFAC, a continuing test vehicl: 
development program has been established. Chicago Mid 
way Laboratories, affiliated with the University of Chicago 
is participating in this program by providing proto- 
type vehicle design and fabrication services. Three prototyp: 
vehicles were designed and fabricated for the initial tests 
conducted on the Damage Potential Launcher. The following 
information concerning these vehicles, though abbreviated 
to stay within security limitations, provides an indication 
of the type of vehicles required for AFAC track programs: 

High Speed Monorail Test Vehicle (Model #1L.M456-001) was 
designed primarily for investigating track testing techniques 
which enable lightweight rocket warheads to be delivered to 
targets at high impact velocities. A 2-in. forward firing 
aircraft rocket warhead was selected as the test item. A 
two-stage, monorail configuration, with the rocket motors 
serving as structural members, was adopted for the vehicle 
An aerodynamic fairing is provided at the front end to reduce 
air drag. 

The vehicle has been designed so that upon reaching the 
desired velocity, the test item can be separated from the 
test vehicle by means of a small explosive charge. After 
separation, the test item proceeds to the target where termina! 
ballistic data are measured. 

Crosswind Ballistics Test Vehicle (Model #LD56-002) was 
designed primarily for investigating capabilities of the damage 
potential launcher and instrumentation in support of cross- 
wind ballistic testing of aircraft guns and rockets; and 
secondarily to determine the performance and reliability of 
retro-rockets and their ignition system. 

The design utilizes a welded, tubular aluminum con- 
struction. The vehicle is designed so that a 20-mm gun 
barrel can be oriented in both horizontal or vertical cross- 
wind angles. Seven 5-in. rocket motors propel it in a forward 
direction and five 5-in. retro-rocket motors provide a deceler- 
ating force on the vehicle. A single projectile is fired from the 
gun, when the vehicle reaches desired test velocities. 

Track Shakedown Test Vehicle (Model (#LM656-004) was 
fabricated to provide a low cost test vehicle which could be 
used to check out firing circuits and instrumentation circuits. 
This single-stage monorail vehicle did not require any 
additional design time, since it consists of the forward section 
of the high speed monorail test vehicle. 


998 


JeT PROPULSION 


al 
fli 
ar 
ac 
nm 
fic 
al 
di 
pe 
ve 
ru 
th 
ca 
to 
m: 
de 
; th 
to 
Th 
nu 
tu 
des 
de" 
i or 
ing 
to: 
= 
vel 
roc 
ft 
slec 
any 
ft d 
sus 
; 
P 


Design C 


Introduction 


pe high speed rocket-propelled sled has gained in im- 
portance in the last few years as a research tool for testing 
at high Mach numbers and accelerations, while simulating 
flight with realism under recoverable conditions. With this 
advance, the development of suitable powerplants has also 
accelerated. Until recently, solid propellant rockets origi- 
nally developed for other applications have dominated the 
fie of rocket sled propulsion. However, while solids have 
an inherent simplicity, they are relatively expensive and have 
distinct limitations in power control.’ 

It has been found that for sled test programs requiring great 
versatility and large numbers of tests a liquid rocket propul- 
sion system is highly desirable. For a large number of test 
runs, a liquid system can be operated with greater economy 
than a solid system.‘ In addition, future sled programs indi- 
cate a need for variable thrust to maintain constant velocities.4 
The liquid rocket powerplant has the advantage of being able 
to produce smooth accelerations without sharp steps and to 
maintain constant velocities, if required, by use of a sensing 
device to control thrust. This eliminates the dependency of 
the preset feature common to solid propellant powerplants. 

At the present time, Reaction Motors, Inc., has a contract 
to design, develop and deliver two large liquid propellant 
pusher vehicles for the S. Air Force (Edwards AFB). 
These two vehicles are being developed to propel test sleds 
mounting large-size, full-scale aircraft components or struec- 
tures over a wide range of velocities up to Mach 2. This paper 
deseribes some of the design considerations involved in the 
development of these pusher vehicles. 


Requirements 


Operational Requirements 


The contract requirements call for two sleds, a transonic 
vehicle referred to as No. 1 pusher vehicle and a supersonic, 
or No. 2, pusher vehicle. The operational requirements are: 

The No. 1 pusher vehicle (Fig. 1) must be capable of push- 
ing a test sled weighing 5000 lb. The vehicle shall be able 
to attain and sustain, while pushing the test sled, any selected 
velocity between 900 fps and 1100 fps for 2 sec. The total 
rocket firing duration shall not exceed the equivalent of 6000 
ft distance under dynamic operation. The vehicle and test 
sled shall also be capable of attaining and sustaining for 2 sec 
any selected velocity between 1350 and 1675 fps. The total 
rocket firing time shall not exceed the equivalent of 10,000 
ft distance under dynamic apeeniee. 

The No. 2 vehicle (Fig. 2) shall be capable of reaching and 
sustaining a predetermined velocity ranging from 1100 to 
2300 fps for 2 see while pushing a 10,000-lb test sled and 
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specimen. The total rocket firing time at any operational 
level shall not exceed the equivalent of 13,000 ft distance under 
dynamic operation. 

The drag loads on both vehicles are predicated on typical 
drag coefficients obtained through past rocket sled testing at 
Edwards AFB. 


Design Requirements 


Design of the two sleds for transonic and supersonic speeds 
requires analysis of the stresses, aerodynamics, propulsion 
system, ete., similar to that involved in the design of any new 
high speed vehicle. However, the data available on design 
criteria of large sleds is meager and a considerable degree of 
extrapolation is required. As more information is accumu- 
lated through further testing, many of these problems will be 
resolved and an improved degree of structural efficiency may 
be possible. 

The structural design of the No. 1 and No. 2 vehicles is 
based upon a combination of loads that occur under three 
different possible loading conditions. These are resolved into 
three basic cases which are (a) peak acceleration, (b) peak drag 
and (¢) peak deceleration. 

The structure is designed to withstand the worst combina- 
tion of acceleration loadings in the three axes, longitudinal, 
vertical and lateral, at each of the three conditions. The 
highest positive design acceleration is 20 g and occurs in the 
longitudinal axis during the maximum acceleration phase for 
the No. 2 sled. The highest negative acceleration is —24 g 
and occurs on the same vehicle in the longitudinal axis during 
the “braking” or maximum deceleration phase. 

In addition to the stresses imposed by the acceleration load- 
ings on the propellant and gas tanks, which are part of the 
vehicle structure, appropriate safety factors are applied to 
the working pressures of these tanks to establish the design 
stresses resulting from pressure only. 

The constant velocity requirement for sled operation die- 
tates positive propellant tank expulsion. Constant velocity 
in its ideal sense does not alone require a positive means for 
expelling propellants from tanks. However, when coupled 


with both lateral and vertical accelerations as well as slight 


Fig. 1 Transonic pusher vehicle 5 
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negative axial acceleration, it becomes mandatory to use 
positive expulsion during the constant velocity phase to pre- 
vent “unporting” or interruption of propellant flow. 

The design temperature limit for the vehicles was not con- 
sidered to be the significant problem. Since the pushers are to 
be used at Edwards, Calif., they will not be subject to low 
temperatures (very seldom below 32 F). The high ambient 
temperature limit is not expected to exceed 120 F. Moisture 
is not considered to be a major problem because of the very 
low humidity that prevails, 7 to 15 per cent, in this region, and 
the relatively little rainfall that occurs. 

A major design condition centers around the constant 
velocity requirement, as it is necessary to provide some 
method of controlling thrust. When the required velocity is 
reached, it is necessary to decrease thrust to a level that will 
balance the drag and friction forces acting upon the vehicle. 
The programmed thrust requirements for the pusher vehicles 
involve two distinct types of thrust control. A large change, 
or step thrust, is required to decrease the thrust from the 
vehicle accelerating level to the level of sustained velocity, and 
a small vernier-type thrust control is required to maintain the 
final vehicle velocity within a + 3 g tolerance for the 2 sec 
period. An additional program requirement is that gross 
thrust can be preset in increments of 10 per cent of the maxi- 
mum rated thrust from the minimum to maximum thrust 
within a tolerance of +2.5 per cent. 

Rocket engine cutoff is required to be a “deadman type 
control’’—any failure of the control system that could cause a 
hazardous condition will stop propellant flow and safely shut 
down the engine. Normal engine cutoff is automatic after 2 
sec of constant velocity operation. An externa] emergency 
cutoff device, such as a knife severing the main power supply 
cable, is operated by vehicle movement past a predetermined 
position along the track. 

The basic malfunction philosophy being followed in power- 
plant design is: 

The rocket engine shall, under any single condition of mal- 
function, start and operate in a stable, safe and reliable man- 
ner or shut down without presenting a hazardous condition 
that could cause damage to the vehicle. The basic single 
conditions of malfunction for which the engine must be non- 
hazardous are (a) power control malfunctions, (b) electrical 
system failure, (c) excessive voltage or frequency fluctuations, 
(d) electrical power interruption or fluctuation and (e) for- 
tuitous subjection to conditions exceeding specified operating 
parameters (particularly applied to unporting). 

The present contract for the two vehicles does not include 
the slippers and water brakes which will be developed inde- 
pendently. Existing slipper and water brake designs will 
meet the requirements of the No. 1 pusher. However, the 
larger vehicle, because of its extreme size and speed, requires 
new designs which will be undertaken by another contractor. 

Under the present plan, there is to be a direct connection 
between the pusher vehicle and the test sled so that braking 
loads to both vehicles will be sustained by the pusher. This 
requirement may be modified in the future depending on the 
water brake development. If it is impractical to develop a 
water brake large enough to stop both vehicles in tandem, then 
two brakes will be used, one for each vehicle, and it may not 
be necessary to connect the two. This design requirenient is 


being investigated further so that a firm decision can be 


Design Aspects 


Propellant Selection 


Considerable attention was given to the selection of the 
best propellant combination for use in the pusher vehicles. 
The primary combinations considered were: 


1 RFNA/NH; (anhydrous ammonia). This combination 
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can be made hypergolic, i.e., spontaneously ignitable, by the 
proper use of a catalyst. Ithasthe advantage ofnotrequiring __ 
an electrical ignition system nor exceptionally close flow ee 

control during starting transients. However, it does require 
a relatively complex injector for high performance and com- 
bustion stability over a wide range of thrust and would be de- 
pendent upon operation reasonably close to the optimum mix- 
ture ratio. Therefore, in an engine requiring a high degree of 
throttleability, close flow control must be maintained over 
both oxidizer and fuel to maintain near design mixture ratio 
regardless of thrust level. 

While RFNA can be handled safely with good operation 
procedures, it is far from an ideal oxidizer for everyday sled 
use. 

2 RFNA/JP-4. This combination can be made hyper- is — 
golic with suitable additives. The comments regarding ’ 
RFNA/NHs are equally applicable except, in this case, the fuel P 
is less toxic than anhydrous ammonia. However, due to the 50,000 
additives required and their relative high cost, the over-all 
propellant costs would be much higher than for propellant 
combination 1, 

Liquid oxygen,'JP-4. This combination is not hyper- 40,000 
golic, hence it requires an external ignition source such as a 
liquid or solid propellant igniter for each thrust chamber. 
Each ignition system adds complexity to the over-all engine 
system, and the same comments pertaining to throttleability 30,000 = 
for 1, 2 still apply to this combination. This combination, / 
however, has many advantages in handling and logistics. 

4 90 per cent hydrogen peroxide/JP-4. This combination | 
was selected as having the best over-all advantages. It is 20,000 
reliable and safe and has outstanding advantages for use in 
thrust variability. The detailed argument is as follows: 


80, 000 


70,000 | 
| 


- lb 


Because the oxidizer is a monopropellant, it is not necessary _—" 


to maintain close control over the mixture ratio, and per- = 
formance is relatively insensitive to wide variations of mixture 


ratio. The propellant combination can, in addition, be 

operated safely over a wide range of bipropellant mixture ra- rd 
tios (0/F) extending to infinity or monopropellant operation. 0 500 1000 1500 2000 
The oxidizer can be decomposed simply by passing it through Velocity - fps 
a catalyst bed and then injecting the fuel into the hot, de- 
composition products, i.e., steam and oxygen. By introducing 
all of the oxidizer into the chamber through a catalyst bed, 

almost 90 per cent of the total propellant flow is converted into | 
a hot, high velocity, reactive gas which rapidly mixes and 


Fig. 5 Transonic test vehicle drag vs. velocity 


ignites with the incoming fuel, and thrust chamber safety is ein 
automatically satisfied by the use of fully decomposed H,O». 
The ability to operate on monopropellant alone is particu- 
larly important during engine shutdown because the fuel can i 
240,00 


be shut off first, and the peroxide decomposition gases effec- 
tively purge any residual fuel from the chamber, thereby 
eliminating the possibility of fuel leakage into the oxidizer side 
of the system. 200, 00 


This combination is not the cheapest, per se, but it is be- 
lieved that it is the most economical considering every 


aspect of this application. 


Vehicle Description . 


General 
To meet the operating requirements for the pusher vehicles, 
it is necessary to establish the thrust levels required by the two Pj 
vehicles and then determine the most suitable method of con- 
trolling the rocket powerplants to provide these thrust levels. 
Figs. 3 and 4 illustrate the thrust required to accelerate the 
transonic and supersonic vehicles and test sleds at maximum 40, 000 
weights to the maximum and minimum velocities within 
allowable distances. Drag vs. velocity curves for the two * 
sleds, Figs. 5 and 6, were established using a CzA (drag co- 
efficient < frontal area) vs. Mach number, which was sup- 0 500 1000 1500 2000 2500 
. plied by Edwards AFB. However, to determine the thrust, = Velocity - fps 
it is necessary to know the initial weight of the vehicle and vastiat Fig. 6 Supersonic test vehicle drag vs. velocity 
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Fig. 7 Performance of transonic sled 
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also at what rate its weight changes with time. Since the 
initial weight largely depends on the size of the powerplant, it 
is necessary in the formulation of Figs. 3 and 4 to use arbitrary 
pusher vehicle weights (maximum test sled weights are speci- 
fied) to bracket an estimated over-all vehicle weight. The 
calculations assume the powerplants deliver constant thrust 
during the acceleration period, to maintain powerplant and 
control system simplicity. 

Preliminary designs, taking into consideration specific im- 
pulse, minimum vehicle frontal areas and estimated weights, 
established the thrust levels for the No. 1 and No. 2 vehicles 
at 150,000 and 500,000 lb respectively. Fixing of these thrust 
requirements also established the maximum limits for the 
frontal areas and vehicle weights in the final designs. The 


performance of the two pusher vehicles at these thrust levels 
is shown in Figs. 7 and 8. 

To provide the high thrust levels required for operating the 
pusher vehicles, a thrust chamber which has a range of 50,000 
to 62,500 lb at chamber pressures of 350 and 450 psia, respec- 
tively, has been selected as the basic building block in de- 
veloping powerplants of the required thrust output. Selection 
of this size is also predicated on the use, to some degree, o! 
proved designs in order that the development time for th« 
engine could be minimized. 


Powerplant 

The general arrangement of the powerplant for the transonic 
pusher vehicle in Fig. 1 consists of three thrust chambers 
clustered around the pressurized gas supply tank. Propel- 79 
lants are supplied by three oxidizer tanks and a single fue! 
tank. Each oxidizer tank supplies propellant to only on 
thrust chamber while the fuel tank is manifolded to all three 
The single gas (nitrogen) supply tank is used to_ pres- 
surize all four propellant tanks and to provide the necessar\ 
control pressure to actuate propellant valves, etc. 

The general arrangement of the powerplant for the super- 
sonic pusher vehicle in Fig. 2 consists of a cluster of eight 
thrust chambers arranged radially around the nitrogen tank. 
With the exception of the number of oxidizer tanks, the pro- 
pellant feed system for this powerplant is essentially the samc 
as the three thrust chamber powerplant in the transonic ve- 
hicle and uses the same components. In the eight thrust 
chamber system, four oxidizer tanks are used; each tank is 
manifolded to two thrust chambers. A single fuel tank feed- 

ing propellant to all eight thrust chambers and a single nitre- 
gen pressurant supply tank constitute the balance of the 
tankage. 

An outline of specifications for the two powerplants is 
shown in Table 1. 


Table 1 Specifications for transonic and supersonic 
vehicle powerplants 
Transonic Supersonic 
Maximum thrust /echam- 
ber. lb 50, 000 62,500 1 
Maximum powerplant 2 
thrust, Ib 150,000 500, 000 
Propellants 5. 
Oxidizer 90% hydrogen peroxide 6. 
Fuel JP-4 8 
Chamber pressure, psia 350 450 9 
Nominal duration, sec 8 8) 10. 
Starting catalytic and jet mixing + | 
Design altitude, ft 2300 2300 13 | 
Chamber cooling uncooled uncooled Tie 
Estimated powerplant 15. 
dry weight including 16. 
tankage, lb 4,250 14,300 
A schematic flow diagram of the eight thrust chamber these 
powerplant is shown in Fig. 9. The flow diagram for the and t 
transonic vehicle is essentially the same except that only insur 
three thrust chambers and oxidizer tanks would be shown as pela 
described previously. The number of valves and control malf 
components have been kept to a minimum consistent with _ Ca 
the programmed thrust requirements of the powerplant. IN ca 
The propellant tanks are pressurized to the desired pressure pellar 
levels by two nitrogen pressure regulators from the 3000-psi opera 
nitrogen tank. Hand valves are located in the pressurizing prope 
lines feeding each tank to permit removal of one or more result 
tanks from the operating system; that is, when full powerplant oxidia 
thrust is not required for a particular test, two thrust cham- On 
bers and their associated oxidizer tank can be eliminated from of va 
the operating system. At the outlet of each propellant tank, from 
a normally closed tank shutoff valve is located. The use of to nes 
SEPT 
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Fig. 9 Rocket powerplant system for supersonic pusher vehicle 
1. Oxidizer tank safety valve (4) 17. Oxidizer manifold drain valve (4) 31. Fuel tank pressurizing pilot valve 
2. Fuel tank safety valve 18. Fuel dump valve (16) 32. Oxidizer tank pressurizing pilot valve— 
3. Oxidizer propellant valve (8) 19. Catalyst preheat orifice (8) 33. Oxidizer tank vent pilot valve 
4. Fuel propellant valve (8) 20. Chamber pressure switch (8) Fuel tank safety valve pilot valve 
5. Oxidizer tank vent valve (8) 21. Fuel check valve (8) Fuel manifold drain valve pilot valve 
6. Fuel tank vent valve 22. Fuel manifold purge check valve (8) Fuel manifold bleed valve pilot valve 
7. Fuel tank pressurizing valve 23. Oxidizer flexible line (8) Oxidizer propellant valve pilot valve (8) 
8. Oxidizer tank pressurizing valve (2) 24. Fuel flexible line (8) Fuel manifold purge valve (8) 
9. Oxidizer pressure regulator (2) 25. Gas fill valve (pull-away disconnect) Vernier chamber control valve 
10. Fuel pressure regulator 26. Gas tank bleed valve Fuel propellant valve pilot valve (8) 
11. Control pressure regulator 27. Gas tank safety burst disk . Fuel tank fill connection 
12. Oxidizer tank hand valve (4) 28. Control pressure safety burst disk 2. Fuel tank drain valve 
13. Oxidizer tank check valve (4) 29. Oxidizer pressure regulator safety burst 43. Oxidizer tank fill connection (4) 
14. Oxidizer cavitating venturi (8) disk (2) 44. Oxidizer tank drain valve (4) . 
15. Fuel manifold drain valve 30. Oxidizer tank pressure safety burst disk 45. Fuel tank check valve 
16. Fuel manifold bleed valve (8) a 


these valves, with a normally open drain valve between them 
and the individual thrust chamber propellant shutoff valves, 
insures against the possibility of accidental admission of pro- 
pellants into the thrust chamber in the event of a single valve 
malfunction after shutdown or during servicing. 

Cavitating venturi are located after the tank shutoff valves 
in cach oxidizer line to provide flow control during monopro- 
pellant operation. During the constant velocity phase of 
operation, all thrust chambers, except one, operate on mono- 
propellant only, and hence at lower chamber pressure. As a 
result, a ecavitating venturi is used to maintain a constant 
oxidizer flow in this phase. 

One thrust chamber acts as a vernier power unit. By means 
of variable oxidizer flow control valve the thrust is varied 
from maximum output at rated bipropellant operation down 
to near monopropellant operation or about 40 per cent rated 
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thrust. The variable flow control valve is operated by a _ 


velocity control system which is described later. There isan _ 
oxidizer by-pass line around the thrust chamber propellant 
shutoff valve that permits a small amount of oxidizer to flow | 
into the catalyst bed of the thrust chamber injector. This 
allows the catalyst bed to heat up prior to starting and makes 
it possible to efficiently decompose the oxidizer when the — 
thrust chamber propellant valve opens. The fuel propellant 
valve for the thrust chamber is triggered by a pressure switch | 
sensing chamber pressure. This assures proper decomposition 
of the oxidizer prior to fuel injection. Normally open fuel 
dump valves between the fuel injector and propellant valve | 
permit rapid venting of fuel trapped between the valve and 
injector upon shutdown. 

The thrust chamber assembly consists of an uncooled, 
ceramic-lined thrust chamber and an injection head. The in- 
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jection head consists of a catalyst bed, fuel injector and the 
necessary propellant manifolds. 

The remainder of the system contains the necessary vent 
-_-valves, fill and drain valves, safety burst disks, electric pilot 
valves, ete., necessary for the proper operation of the major 
components described. The choice of many components has 
been rationalized to reduce the number of different types. 


; The detail design and fabrication of the body structure for 
tg both vehicles has been subcontracted to the Hunter-Bristol 
- Corp., of Bristol, Pa., a company with considerable experience 
insled structures. 
od The vehicles are cigar-shaped, deviating from this con- 
i figuration only by reason of slipper undercarriage appendages, 
Ae aft protuberance of the rocket thrust chambers and a small 
_ fairing protecting the forward ends of the chambers where 
they extend outside the envelope of the main body. The 
supersonic vehicle is essentially cylindrical with a conical nose 
_ whereas the transonic vehicle has somewhat flattened sides 
and top. The shapes are aerodynamically compatible since 
they present a clean surface unbroken except as unavoidably 
required for undercarriages and thrust chamber fairings. 
=* ‘Under a stiffened aluminum skin, an in-line arrangement of 
all major components of pusher and power equipment is main- 
tained including in-line location of the prime structura! mem- 
ber and earry-through to a push-pad for contact with the test 
; sled. This internal arrangement is obtained by equally spac- 
= g ing the thrust chambers radially about a center member which 
> serves both as a high pressure gas supply chamber and as the 
ill prime structure member of the sled. A similar radial position- 
_ ing of fuel and oxidizer tanks about the center member for- 
-_ ward of the thrust chambers and control compartment allows 
rons an in-line component arrangement. Oxidizer tanks, fuel 
tanks and all items in the control compartment are sup- 
_ = ported from the center structural member. 
Basically, the design concept is to secure a vehicle with a 
=r hy minimum of eccentricity between the power source (thrust 
rp chambers) and the frontal push- pad, yet maintain an outside 
configuration which is aerodynamically efficient. The in-line 

: arrange ment of all components of the sled, excluding the 

undercarriage, and the location of the push-pad on the center- 
line of thrust, together with a uniform spacing of tankage, 
this concept. 

_ The thrust chambers are cantilevered radially from a bulk- 
2s head which is fixed to the prime structural member. Side and 

vertical loads from the thrust chambers are taken directly to 

the prime member through this aft bulkhead. From the bulk- 
i$ head, spaced between thrust chambers and extending aft, are 
_ gusset members which stabilize the bulkhead and transmit 
a the thrust to the nitrogen tank. 

The undercarriage consists of forward and aft structures 
and is cantilevered directly from the nitrogen tank. The aft 
_ installation is a box-type structure arranged to provide a rigid 
et for side and vertical load transmission from the slippers 
to the nitrogen tank. It also serves as a direct member for 
_ water scoop loads. A box-type carry-through from the base 
of the undercarriage to the prime member (nitrogen tank) 
provides torsional rigidity to the structure. The front under- 
carriage construction is similar to the aft assembly but is less 
complex due to the absence of a recovery device or water 
scoop at this point. 

The pushing pad comprising the contact means between the 
pusher and the test sled is mounted on the front end of the 
nitrogen tank. 

The oxidizer and fuel tanks are cradled in saddles mounted 
so that the aft saddle takes loads in all direction while the 
front saddle takes vertical shear only. This method of at- 
tachment negates adverse conditions that might arise due to 
unlike expansion or growth of the oxidizer and fuel tanks with 
respect to the steel pressurizing tank or main structural mem- 


Since the propellant tanks are long and cylindrical—20 in, 
diam and 25-30 ft long—they are adaptable to the use of pis- 
tons for positive expulsion. The oxidizer and fuel tanks are 
similar in design except for volume and length and are con- 
structed of welded aluminum alloy, 6061-T6. One end of the 
tank has a removable concave head to permit insertion of the 
piston. No effort is being made to assure an absolute seal be- 
tween the piston and tank wall since the gas pressure pushing 


the piston down the tank will be slightly higher than the liquid | 
pressure. The piston is to be returned to its original starting 
position by pressurizing the downstream side with nitrogen 
pressure after each operation or test. 

Estimated gross wet and dry weights of the transonic 
vehicle are 13,500 and 6600 lb respectively, and of the super- , 
sonic vehicle, 43,000 and 19,100 lb respectively. : 

Vehicle Control System t 

Since one of the basic purposes of the liquid propellant pro- I 
pulsion systems is to provide adequate variations in thrust, t 
with a fine degree of control over the ultimate thrust level, the p 
heart of the entire powerplant is the method of control and s 
the control system itself. 8 

It is evident that three separate control problems are in- a 
volved: 

0 

1 The powerplant must be capable of adjustment. be- h 
tween tests to provide the wide range of thrusts required to 
drive the pusher vehicles between the specified minimum and g 
maximum sustained velocities. tl 

2 The powerplant must be capable of large changes in ol 
thrust within a period of 1 sec or less during a run from the st 
power level required for vehicle acceleration to the level re- fli 
quired to maintain constant velocity. n 

3 The powerplant must be capable of relatively small al 
variations in thrust during the constant velocity phase of de 
operation in order to automatically maintain the sled velocity 
within a tolerance of +3 g for a period of 2 sec. th 

Based on the curves shown in Fig. 3-6, the constant ac- . 
celerating thrust needed to bring the pusher vehicle and its va 
test sled up to a particular velocity is roughly two times pr 
the thrust required to hold the desired constant velocity. th 

Taking the supersonic sled as an example, to accelerate the Al 


pusher and test sled to a velocity of 1600 fps within the ie 
specified length of track, a constant thrust of about 240,000 ae 


lb is required. Several methods for supplying this thrust and TI 
then reducing it to 120,000 lb for the constant velocity can be an 
used, but the following method is believed to be the best. dr: 

The method of reducing thrust is basically a switch from hae 
straight bipropellant operation to monopropellant operation flu 
with the vernier thrust chamber continuing to operate bipro- he 
pellant except at a reduced thrust:level. Four thrust chambers 
operating at full rated thrust will provide 250,000-lb thrust, or wit 
somewhat more than the estimated requirements. Upon po 
reaching the required velocity, 1600 fps, three thrust chambers \ 
would have their fuel supply shut off and they would revert me 
to monopropellant operation producing about 65,000 Ib Bay 
thrust. To make up the remaining thrust requirement of wes 
120,000 lb thrust, the vernier thrust chamber would be re- I 
quired to produce 55,000 lb thrust or 88 per cent of rated ent 
thrust. pit 

This method can be applied to all velocity requirements arin 
by different selections of the number of thrust chambers used. req 


Bipropellant plus monopropellant operation is advantageous sity 
since it requires shutting down only about one-eighth rather rae 
than one-half of the total propellant flow. This allows the §  ,)), 


change in thrust level to be made rapidly without serious hy- be t 
draulic hammer occurring in the propellant system, resulting sho 
in a simpler, more reliable valving and manifold system. “? 


In addition to the gross thrust changes that take place at = 
the end of the vehicle accelerating period, some form of thrust ito 
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control is necessary during the constant velocity phase to main- 
tain this final velocity within the +3 g tolerance of the de- 
sired value. The drag curve is a self-regulating curve, i.e., a 
relatively large change in thrust is required to promote a small 
change in velocity. Nevertheless, some form of variable 
thrust is needed for final adjustment when the velocity is 
reached. Also, factors not apparent from the drag curve may 
require some variation in thrust during the final 2-sec period 
to maintain the velocity within the specified tolerance. This 
is particularly evident because it is most difficult to predict 
with a satisfactory degree of accuracy the drag developed by 
the various test specimens. 

Three methods of continuously varying thrust can be con- 
sidered: Mounting the thrust chambers in a gimbal, use of a 
deflector in the rocket exhaust and throttling of one thrust 
chamber. 

Gimbal Method. Gimballing a thrust chamber can provide 
thrust control by utilizing a component of the full thrust. 
However, this method of thrust control is not considered par- 
ticularly desirable due to both the increased mechanical com- 
plexity of the system and the problem of obtaining rapid re- 
sponse. The additional components required for a control 
system of this type would decrease the over-all system reli- 
ability and increase its weight. A major objection to this 
system is the excessive track loads that could develop because 
of the thrust vector forces not parallel to the axis of the ve- 
hicle. 

Exhaust Deflector Method. This type of control, like the 
gimballed thrust chamber, has the advantage of maintaining 
thrust constant while the resultant direction and magnitude 
of the thrust vector are varied. A disadvantage of this system 
stems primarily from the difficulty inherent in mounting a de- 
flector plate in the jet stream capable of withstanding the 
necessary loads. The additional structure required for such 
an installation would not only complicate the vehicle chassis 
design but would also add considerable weight. 

Throttling Method. As a result of the extreme flexibility of 
the hydrogen peroxide—JP-4 propellants evidenced by the 
ability of this combination to operate over a wide range of 
mixture ratios, an attractive and natural method of providing 
variable thrust control is by means of throttling one of the 
propellant flows. The system chosen is of this type and 
throttles the oxidizer flow directly without affecting the fuel 
flow. As the permitted range of O/F values is wide, this sys- 
tem results in a very simple control. The system consists of 
a throttling venturi operated by an electro-hydraulic actuator. 
The amplifying system will consist of an electronic or magnetic 
amplifier driving an electro-hydraulic valve metering hy- 
draulic fluid to a ram which positions the actuator. Since the 
fuel is already under pressure, it can be used as the hydraulic 
fluid. For this particular control system, a power supply will 
have to be carried within the pusher body to operate these 
components. For the 8 or 9 see duty cycle, storage batteries 
with a high discharge rate ability can be used for electrical 
power. 

Velocity measurement, because of the accuracy require- 
ments, will be the most difficult aspect of the control system. 
Several methods of measurement have been considered but 
were discarded as unsuitable. These methods included: 

Dynamic Pressure Head as a Velocity Function. An appar- 
ently obvious method of measuring velocity would be to use a 
pitot tube pickup such as those used in aircraft airspeed meas- 
uring systems. However, closer examination of the accuracy 
requirements of the present system and especially the neces- 
sity for having the test vehicle apparatus operate in an undis- 
turbed velocity region appears to preclude the use of the pitot 
tube. For example, if the nose section of an aircraft were to 
be tested at supersonic speed this section would set up its own 
shock wave pattern which would seriously affect the accuracy 
of any pitot tube pickups behind this shock pattern. Con- 
versely, if the pitot tube were put ahead of the test vehicle the 
pitot tube shock pattern could conceivably interfere seriously 
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with attainment of accurate data on the test specimen. A 
further examination of the thermodynamic and compressible 
flow equations relating conditions before and after shock waves 
and for subsonic and supersonic flow indicate that so many 
factors enter into the calculation as to make virtually im- 
possible a reliable speed indication. 

Radar. A second method which is considered for velocity 
measurements would be based upon the use of radar and/or the 
Doppler system. Either vehicle-carried or ground-located 
radar equipment would measure distance as a function of time 
and would feed the appropriate signals into the vehicle ve- 
locity control system. In general, this method is complex and 
involves high maintenance requirements. 

Oscillating Light Source. A third suggestion involved the use 
of an oscillating stationary light source which by virtue of the 
oscillation would vary the intensity as seen by the sled and 
therefore permit an indication of velocity as a function of the 
rate of change of intensity of the light. Again this system has 
a tendency to suffer from factors which would interrupt the 
light source, such as sand and dust, and the possible necessity 
for the use of photocells and other devices which tend to make 
the system rather complex. 

Rolling Wheel. The fourth method suggested the possibility 
of a spring-loaded wheel rolling along the top of the rail and 
by mechanical gearing of belting driving a tachometer genera- 
tor which would produce a voltage proportional to speed. 
The overwhelming disadvantage of this system would be that 
surface speeds of 2300 fps would be required on the wheel. 
This same disadvantage would apply to the case in which a 
cable attached to the ground was unwound on a drum mounted 
on a sled, because somewhere in the system the equivalent 
surface velocity of 2300 fps would have to be attained and 
involves the same mechanical limitations. 

Two other systems based upon reference feedback and com- 
parison can be considered. Type I essentially involves an ac- 
celerometer to measure the rate of change of velocity, an in- 
tegrator which will integrate acceleration to give velocity, and 
a switching device to introduce the acceleration feedback at a 
fixed ratio of the reference velocity setting. This system has 
the advantage of permitting a completely self-contained sled 
unit to be used not requiring any fixed equipment along the 
track. The accelerometer is actually a standard component 
which can be commercially procured and the integrator will be 
an operational amplifier type such as is commonly used in 
analog computers. Such devices are basic building blocks of 
computers and have integrating accuracies on the order of 
zo per cent over a period of several minutes. Accelerometers 
specifically designed for missile use, and integrators for air- 
borne computers, are available so that procurement of 
these components should be straightforward. 

The Type II system is based primarily on the use of digital 
counting equipment. It depends on a series of ground- 
mounted magnetic units which produce pulses as the sled 
passes over. The pulses are used to govern the time of a 
counting circuit, where the counting circuit is fed by an oscil- 
lator which produces a train of pulses at a megacycle rate. 
The ground pulses limit the number of these high frequency 
pulses which feed into a pulse accumulator. The pulse ac- 
cumulator will incorporate in it a capacitive type of unit which 
produces a voltage proportional to the total number of pulses 
which are fed in during a given counting period. In the 
reference part of the system, reference velocity is used to de- 
termine the width of a gate circuit which again determines the 
total number of pulses which will be accumulated in this given 
gate width. This again feeds into a pulse accumulator to 
produce a reference voltage against which the system governs. 
Both the gate circuit and the flip-flop circuit are fed by the 
same pulse train so that variations in pulse train frequency 
have a negligible effect on the accuracy of the system. An im- 
portant feature of this approach is that the system can have 
very high accuracy because pulses can be determined with +1 
count, even for very high pulse rates. Out of the pulse 
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ae cumulators, analog-type voltages are produced; these are 

compared and act through the limiter circuits and through a 

Rh o differentiating circuit in much the same manner as the Ty pe ! 

system and satisfy the basic feedback control system require- 

ments. 

oo The Type I system involving an integrating accelerometer 
has been chosen as the best over-all approach. It isan entirely 
self-contained unit and requires no track modification installa- 

tions or special maintenance. 


The vehicles are designed for a minimum degree of overhaul 
Taga maintenance. Provisions are to be made for ready access 
to all functional components with particular attention given 

to convenient access to the engines bay and the area of pres- 
sure regulators, tank vent valves and engine control com- 
ponents. Servicing and propellant loading panels are pro- 
vided on the sides of the vehicles at accessible locations. 
Oxidizer and fuel servicing facilities are separated so that one 
is on one side of the pusher and the other on the opposite side. 
The service panel is to include both fill and drain connections 
the tankage. 
All lines, cavities and tanks are capable of being completely 
drained. The bay between the propellant tanks and thrust 
chambers is to be provided with generous venting facilities 
and eare has been taken so that leakage from a flange or joint 
containing one propellant cannot fall directly upon a line 
containing the other. Particular attention has been paid to 
the draining of the fairing panels enclosing the vehicle body, 
so that an accumulation of fluids cannot occur should leakage 
be experienced. Lifting eyes are provided for convenient lift- 
ing and towing of the complete pusher vehicle and all panels 
and access locations are designed for maximum accessibility. 


Due to the chemical activity of hydrogen peroxide with 
foreign matter, particular emphasis will be given to keeping 
the internal powerplant system free of dirt. This is particu- 
larly important because of the desert-type country in which 
these vehicles will operate. These conditions very often 
create a dusty or sand-filled atmosphere that wculd easily 
enter a fluid system if filters or check valves are not em- 
ployed to maintain a sealed system. 


The large transonic and supersonic pusher vehicles being 
designed and developed by Reaction Motors, Inc., meet a re- 
quirement of high speed track testing that would be almost 
impossible to meet by other means. The propulsion systein 
versatility is outstanding i in that relatively high loads can be 
propelled over a wide range of velocities and at high speeds. 
The propulsion system is also adaptable to acceleration con- 
trol or limitation in addition to being able to maintain speci- 
fied constant velocities. Not only are these pusher vehicles 
versatile in speed control but they can be utilized inter- 
changeably with a large number of track testing projects. 
The liquid rocket propellant propulsion systems have a signi- 
ficant advantage over equivalent solids in the cost of prope!- 
lants consumed. To date, solid propellants have not been 
able to achieve the relatively low cost per pound of the more 
commonly used liquid propellants. For a large number of 
tests this factor becomes increasingly important, particularly 
as the thrust levels required for testing rise. 

At the present state of propulsion technology the liquid 
rocket powerplant is the only solution to the requirement of 
variable thrust to maintain given velocities in vehicles of 
large size. 
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HE rapid increase in testing require ache sian the ad- 

vance in techniques over the past few years have ac- 
celerated the development of sled powerplants. Early sled 
test programs involving light payloads and a relatively small 
number of runs were able to utilize solid propellants. In many 
cases the sleds could be designed to accommodate armament 
rockets which were available in large quantities. The runs 
could be tailored approximately to fit test needs by the proper 
combining of solid propellant charges in programmed stages. 

The success of the rocket sled as a test tool has resulted in 
sled programs now being planned that involve hundreds of 
runs of relatively long duration. Jt is in this field that the 
liquid rocket is superior. The relatively high first cost may be 
more than offset by the low cost of liquid propellant per run, 
and the run is more uniform and predictable than with staged 
solid propellants. 

Two liquid sleds designed and completed by Aerojet are 
now in operation, Models AJ10-28 and AJ10-36. They are in- 
tended for use on the SNORT track at China Lake, Calif. 
Aerojet is now building the rocket engine and tankage for a 
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third sled, Model AJ10-33, for the Coleman Engineering Co., 
to be used on the SMART track at Hurricane, Utah. | 
The design of a liquid system for powering a supersonic 
sled involves considerations of stresses, aerodynamics, propul- 
sion-system parameters, material evaluation and other basic 
functions associated with the design of any new system. Al- 
though supersonic sleds have previously been powered by 
liquid rockets, the practice is relatively new. The under- 
standing of an environment which is neither that of a free- 
flying missile nor that of a statically operated rocket is a chal- 
lenge to the designer of a supersonic sled. Once the selection 
of the particular liquid rocket type has been made, the deter- 
mination of the design is a function of the requirements to be 
satisfied. The preliminary design phase involves the deter- 
mination of the impulse-to-weight ratio of the rocket and sled 
system, together with drag, track length and track friction. 


Summary 


Design Requirements 


The design requirements for the AJ10-28 and the AJ10-36 
sleds, while not identical, covered the following ranges: Pay- 
load, 100-1000 lb; acceleration 4 to 6 g; maximum velocity. 
1400-1600 fps; deceleration, 12 to 20 g; operating tempera- 
ture range, 32-130 F. 
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The AJ10-33 sled represents a considerable advance: Pay-— 


load, 1500-2500 lb; acceleration, 9-10 g; maximum — 


operating temperature 


2400 fps; deceleration, 80-100 g; 
range, 32-130 F. 


Selection of Rocket System 


To minimize the development time required, — 
lished systems and components were adapted. The selection 
for all three sleds was a cold-gas-pressurized bipropellant sys-_ 
tem utilizing a proven 35,000-lb-thrust chamber, ceramic-_ 
lined. At the time the sled designs were initiated, over 600 
tests of similar systems had been made on other applications. 
The AJ10-28 and the AJ10-36 sleds are each equipped with 
one thrust chamber, while the AJ10-33 uses three chambers 
(Fig. 1). 

Additional requirements included the need for variable — 
duration, variable thrust, repeated operation, command shut-_ 
down and fail-safe control. In conjunction with these re-— 
quirements, the factors of complexity, servicing, and main-_ 
tenance were evaluated in an effort to produce sleds capable of — 
repeated operation and with a minimum of servicing effort. 


Propellants 


selection of the propellant combination was based on the_ 
tests mentioned previously. The propellants are inhibited 
red fuming nitric acid as the oxidizer and JP-X as the fuel. 
Approximately 20 lb of mixed aniline and furfuryl alcohol is | 
used as the starting fuel. The JP-X consists of 40 per cent 
unsymmetrical dimethylhydrazine and 60 per cent JP-4. 
The operation of the particular thrust chamber selected for 
this combination has been entirely satisfactory and produces 
a nominal specific impulse of 210 Ib-sec/Ib. The operating 
mixture ratio of 3.6 to 1 was selected as yielding the best com- 
bination of impulse and density loading within the range of 
operation evaluated. The characteristics of the propellant 
combination are such that no purge is required either before 
starting or after shutdown. The resulting simplicity of the 
rocket system permits a saving in weight and a decrease in 
servicing time and maintenance requirements. 

Operation of the thrust chamber in cther systems had 
proved its capabilities by repeated tests of from 5 to 40. sec 
duration. Tests of the sleds have verified the satisfactory 
operation of the system in general and of the thrust chamber 
in particular. Operation of the sled rocket system has been 
evaluated for durations from 2 to 10 sec, and the starting, 
steady-state operation, shutdown and malfunction conditions 
encountered have all been satisfactory. The environmental 
suitability of the system was demonstrated to be adequate to 
meet the design requirements of operation from +32 to +130 F. 

The design of the booster system was based upon a fail-safe 
requirement and permits safe shutdowns in the event of elec- 
trical power loss. In addition, command shutdowns may be 
made at any predetermined track position by the use of a knife 
switch, which breaks the electrical firing circuit. The thrust 
level has been evaluated over a range of £15 per cent of the 
rated 35,000 Ib. 


ves. 


Structure 


Design of the sled structure was directly involved with the 
rocket system design because the propellant tanks and the 
pressurizing-gas tanks form an integral part of the main load 
structure of the sleds. The three sleds differ structurally: 
The AJ10-28 sled with its model-carrying forebody consti- 
tutes a single rigid frame with four points of track support, 
while the AJ10-36 and AJ10-33 are articulated, with the pay- 
load sections mounted on their own track slippers and at- 
tached to the rocket sled by pin joints. The aerodynamic 
characteristics of the forebodies and the sleds were based upon 
the requirement for zero lift. Provision was made on the 
AJ10-28 forebody for acrodynamic trim in the event that lift 
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Fig. 1 Liquid rocket sleds 


was encountered. An artist’s conception of the AJ10-36 sled 
is shown in Fig. 2. 

Both the AJ10-28 and the AJ10-36 utilize water brakes with 
rectangular inlets and horizontal 90 deg returns. The AJ10-33 
uses a variable inlet with a vertical 180 deg return. To 
minimize weight and to meet the requirements of velocity, 
acceleration and payload, the material selected for the pro- 
pellant tankage was aluminum alloy. To provide adequate 
strength to take the main thrust and to meet pressure ratings, 
the pressurizing tanks were made from 4130 steel. The ap- 
proximate pressure ratings are 2500 psig for the gas tanks and 
600 psig for the propellant tanks. Internal baffling was in- 
stalled to inhibit sloshing and to prevent uncevering of the 
outlet during the various operational phases. The nose, or 
forebody, sections are of semimonocoque construction with 
riveted aluminum-alloy skin. Requirements for the installa- 
tion of the payload and of telemetric and photographic equip- 
ment were different for the three sleds. 


Pesting 


Static and dynamic testing were planned to prove the de- 
sign of the sleds. The statie-test phase was used to demon- 
strate the operating characteristics of the rocket system. 
Starts, steady-state operation, shutdowns, malfunction con- 
ditions, and environmental suitability were all evaluated. 
The test results indicated satisfactory operation under all 
conditions and conformance to the design requirements. 
The dynamic-test phase is being used to demonstrate the 
satisfactory operation of the rocket under the same condi- 
tions, plus the actual track run. Sixteen dynamic tests have 
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been completed using the AJ10-28 and the AJ10-36 sleds on 

= SNORT track. The operation of all systems was, in 
general, satisfactory, and the actual performance points fall 
close to the predicted curves. 

The acquisition of data during the static tests was made by 
conventional direct-wire connections between the sled and the 
aa end instruments. The analysis of the data verified design 
and indicated the expected high degree of ac- 
-_ euracy and validity. The sled operating information during 
the dynamic testing was transmitted and received with a 
 telemetric system. The evaluation of the rocket data was 
straightforward, and the correlation of the results was ex- 
 eellent. Other instrumentation, installed to determine the 
_ general environmental characteristics, yielded data which were 
more difficult to evaluate. These data, from velocity and 
acceleration transducers, clearly pointed out the need for 
cautious use of the information, utilizing ee judg- 
-ment and experience. 


Design and Fabrication 


The basic designs of the sleds were arrived at by considering 
the track length, acceleration, braking deceleration, and 
maximum velocity (Figs. 3and 4). These plots indicated the 
duration of thrust required, the total propellant weight and 
the allowable sled gross weight. Since the greater part of the 
sled dry weight is due to the propellant and pressurizing-gas 
tankage, it was apparent that every effort should be made to 
produce tankage of minimum weight. To meet the design 
pressure requirements dictated by the thrust level and dura- 
tion, and also to meet the expected vibration and acceleration 
loads, the materials selected were 6061 heat-treated aluminum 
alloy for the propellant tanks and 4130 steel for the gas tanks. 
The 6061 aluminum, heat-treated to the T-6 condition, offered 
the best design criteria and highest probability of successful 
manufacture for propellant tanks when the designs were con- 
ceived. In addition, aluminum is a readily available, non- 
critical material that is compatible with both the oxidizer and 
the fuel. 

Since the load requirements varied for the sleds, the original 
tank designs for the AJ10-28 and the AJ10-36 sleds con- 
sisted of 24-in. cylindrical sections with semielliptical heads, 
internal stiffening rings for transverse and vertical loads, and 
baffles. The AJ10-33 tanks were similar, but of slightly 
greater diameter, with external rather than internal stiffening 
rings, and with additional internal baffling to meet the multi- 
outlet requirement for three thrust chambers. The wall 
thickness, 2 in., was dictated by stress, weight and material- 
availability requirements. The critical design stress of 37,800 
psi, ultimate, assuming a 0.9 weld factor, was indicated to be 
the hoop stress. Design burst pressures were in the range 
from 1140 to 1250 psi. Since the welding evaluation indicated 
excellent results with machine welds and slightly less reliabil- 
ity with hand welding, some difficulty was anticipated with the 
many bosses and outlets required but not with the longi- 
tudinal closure welds. The functions of various bosses were 
combined where possible; for example, utilizing the same out- 
let for ullage control, servicing return, and vents. 

Drawing-up of satisfactory controls and standards for the 
manufacture of these tanks, particularly with regard to, x-ray 
inspection, has been difficult. The application of known 
laboratory-scale techniques in full-scale fabrication was found 
to be very difficult and the techniques for evaluating inclu- 
sions, porosities and nonfusions have been developed largely 
from experience. Even heat-treating, weld back-up require- 
ments, grinding out for repairs, and allowable numbers of re- 
pairs also presented significant problems. The investigation 
of fatigue under field conditions is now under way. Except 
for the stringent welding technique requirements, selecting a 
fusion material is the most critical problem. The present 4043 
weld rod has undesirable qualities when used in conjunction 
with 6061 material, particularly where repeated repairs are 
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required. Although other aluminum weld rods show promise 
none are readily available for practical application. 

Initial manufacturing efforts were very encouraging. The 
first four tanks were completed, proof-tested, and placed in 
service with satisfactory results. Subsequently, failures and 
difficulties were encountered, and several tanks were damaged 
during proof tests. The failures during proof tests, and one 
deliberate burst test, indicated the critical areas to be in the 
longitudinal seam welds and further indicated that the inter- 
nal stiffening rings could induce propagating-type defects. 
This information was used as the basis for a design change 
which involved removal of the internal stiffening rings and 
modification of the baffle mountings. The experience on the 
aluminum-tank program indicates that, to meet the design 
requirements with normal design safety factors, allowance 
must be made for about a 15 to 20 per cent loss of tanks during 
manufacture. Allowance will be made until fabrication tech- 
niques can be improved to keep pace with design and labora- 
tory test criteria. 
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Because of the broad background of experience in fabricat- _ 


ing pressure vessels made of 4130 steel, fewer difficulties were 
encountered during the manufacture of the gas tanks. With 
the exception of the requirement of meeting rather close 
tolerances in axial alignment, which necessitated close control 
of the heat-treating processes, the tanks for the AJ10-28 and 
AJ10-36 sleds were readily produced. The gas tanks are 
about 13 ft long (Fig. 1) and form the main load-bearing 
members of the sled structure. The AJ10-33 sled presented 
similar problems, with the significant addition of greater 
length. This increased length—about 19 ft over-all—and the 
attendant alignment problem necessitated a basic design 
change. A flanged, bolted joint was developed for the mid- 
section of the gas tanks to permit adjustments for axial de- 
viations and to minimize heat-treatment problems resulting 
from limited oven capacity. 

The design and fabrication phases for the components of 
the rocket system were simplified by the use of articles pre- 
viously proved. Minor revisions were made to suit the com- 
ponents to this particular application, and static and dy- 
namic tests revealed the necessity for additional modifica- 
tions, such as the relocation of bleed points, the adjustment 
of gas-pressure control systems and the de-sensitizing of elec- 
trical control system relays. Availabile information and 
previous experience with other track operations were used as 
the bases for the slipper designs. Experience indicates that, 
for sled weights between 4000 and 12,000 Ib, the current }-in. 
304 SS lining in a }-in. 4130 outer slipper is not entirely satis- 
factory. Other materials are being investigated and complete 
redesign of the slippers is being considered. 

As stated previously, it was believed that the reliability and 
confidence level of the thrust chamber propellant combination 
had been adequately demonstrated on other programs, and 
that evaluation of the particular system would be minimized. 
The effects of the particular structure and the influence of 
line strength on combustion stability were examined on the 
basis of similar systems and of known parameters; it was con- 
cluded that operation of the system would be satisfactory. 
The basic design criteria for the rocket included considera- 
tion of, and provisions for, adequate instrumentation to 
monitor both the rocket system and sled environment 
parameters. All instrumentation was selected to be com- 
patible with existing telemetry systems. Typical functions 
monitored are gas tank pressure, regulator pilot pressure, 
regulator outlet pressure, propellant tank pressures, propel- 
lant feed-line pressures, fuel flow rate, thrust chamber pres- 
sure, thrust chamber valve position, thrust chamber pressure 
switch actuation and control circuit conditions. 

The pneumatic, hydraulic and electrical control systems are 
all designed to meet requirements of simplicity, reliability and 
rapid response. Preliminary system evaluations were made on 
mockup setups. Provision is made to permit propellant serv- 
icing without electrical power on the sled circuits and to 
effect safe shutdown within 0.3 sec of signal under both com- 
mand and automatic signal conditions. The configuration of 
actuation gas circuits is such that any loss of gas pressure 
automatically activates the rocket shutdown system, closing 
the thrust chamber valve and opening the propellant tank 
vents. Operation of the thrust chamber valve is controlled by 
a pneumatic-hydraulic circuit providing positive action at a 
predetermined rate. 

The rocket system is basically operated as follows: A 
solenoid pilot valve admits pilot gas at a pre-set pressure to 
the dome of the main gas regulator at a nominal rate of 200 
psi per sec. The main gas regulator pressurizes the propellant 
tanks at about 200 psi per sec. A pressure switch senses the 
tank pressure rise and signals the thrust-chamber valve to 
open. The propellants, IRFNA and AN-FA, are admitted to 
the thrust chamber and ignite spontaneously. JP-X sustain- 
ing fuel follows the AN-FA after breaking of the separation 
diaphragm, continuing combustion until shutdown is signaled 
by propellant exhaustion or command. 


SEPTEMBER 1957 


Static and Dynamic Testing 


Test plans and programs for the sleds were based upon the 
general applicable specifications and the specific requirements 
of the particular end use for the sleds. 

Prior to initiation of static firing tests, thorough flow checks 
were made of the various gas and liquid circuits of the sleds 
to verify the accuracy of calculated pressure drops. The 
results of these tests were used to balance the system for nomi- 
nal rated mixture ratio under static conditions. Sharp-edged 
orifices are used for controlling propellant mixture ratio. Be- 
cause of the differences in the sled configurations, various 
locations and pressure-drop values are used in the different 
models. 

Since weight, and consequently the high pressure gas tank 
sizes and pressure ratings, are important, orifices have been 
used in some of the sleds to hold the required weight flow of 
gas at the proper value for each propellant. This permits the 
use of a common, main gas regulator system with resulting 
simplicity and a minimum number of components. 

Final leakage, functional and electrical checks are con- 
ducted prior to installation of the sled at the static test stand. 
Both the soaping method and the halogen detection method 
are utilized in the leakage tests to insure that all pressure sys- 
tems are satisfactory. The functional tests include setting 
and checking of control and pilot gis regulators, operation 
and timing of the thrust chamber veive and operation of all 
other pilot and control valves. Aiter satisfactory completion 
of the functional checks, the electrical system, including the 
sequence unit and harness, is tested using a checkout unit to 
simulate the various conditions of “load,” “‘stand-by,” “‘fire”’ 
and “shutdown.” This series of tests verifies correct opera- 
tion of the various relays, timers and pressure switches which 
comprise the control system. The circuits are designed and 
electrically interlocked to prevent power reaching the firing 
circuit unless the relays and pressure switches are in the ready 
condition, and also to signal shutdown if power is lost for any 
reason. 

The installation of a liquid rocket sled for the initial check- 
out firing test involves the following general steps: Attaching 
the thrust take-out structure on the stand to the sled, plumb- 
ing and wiring the instrumentation, wiring the test control 
circuits to the sled, adjusting the safety deluge system, final 
leakage checking of test connections, final electrical checking 
and servicing. Both the AJ10-28 and AJ10-36 sleds were 
mounted so that axial loads were transmitted to the stand 
through the forward bulkhead and vertical loads were taken 
out through both the main forward and main aft bulkheads. 
The main axial thrust take-out area on the AJ10-33 sled is 
located aft at the water brake. Vertical loads are transmitted 
through the slipper supports. Pressure transducers were 
plumbed with minimum-length, }-in. tubing leading to the 
applicable pressure taps provided. Thermocouples, acceler- 
ometers and valve trace potentiometers were installed as re- 
quired. The electrical instrumentation connections were 
made with cables from the stand terminal patch board to the 
transducers and thermocouples, and directly to the harness 
instrumentation plug, in the case of switch traces for relay 
and pressure switch monitoring circuits. The test-stand 
deluge system, a high capacity, remotely controlled water — 
supply, was plumbed and positioned for adequate coverage 
of the vehicle. The leakage and electrical tests are conducted 
to insure that all test connections are satisfactory and that | 
firing controls are operating properly. : 


Servicing for static tests is accomplished by pumping the © 
oxidizer and sustaining fuel into the tanks through the sled — 
servicing connections. Rigid tubing is connected to the sleds 
and then terminated at the edge of the stand, where either © 


trailers or drum containers are used as the source. The pres- 
sure source is provided by either centrifugal or positive dis- 
placement pumps. Return lines that control the level to’ 
which the tanks are filled are routed to convenient bleed dis- 
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posal locations. The nominal tank ullage for rated duration 
is 5 per cent. The mixture of 30/70 aniline and furfury! alco- 
hol used for the starting fuel is obtained from a small tank, 
Pes elevated to produce sufficient head pressure. Approximate 
times required for servicing are 15 min for the starting fuel, 10 
-- min for the main fuel and 20 min for the oxidizer. Jumper 
connections are made to the gas actuation circuits for the vent 
- ac valve and the thrust chamber valve in order to positively 
_ position the valves without the requirement for electrical 
power or gas pressure on the sled. 
‘The first checkout test is usually a 4 to 5 sec firing to 


evaluate general operation and to adjust mixture ratio and 
thrust level. If tank pressures are maintained at those to 
be used on dynamic tests, the static thrust level is lower than 
the predicted dynamic level, because of the absence of ac- 
__ eeleration head effects on the propellants. 
A test plan similar to that of Table 1 is then followed. 
- -During checkout, adjustments are made in pressure rise 
rates, pressure switch settings, timers and orifice sizes. The 
_ shakedown tests are then initiated and the peripheral areas of 
operation are evaluated. Deliberate off-mixture conditions 
are imposed, the thrust chamber valve is operated at ab- 
normal rates, propellant tank ullages are varied, power loss 
and other malfunction conditions are simulated—all to de- 
termine operating characteristics and safety. The results of 
these tests to date have been entirely satisfactory, and the 
anticipated reliability of the rocket system has been realized. 
Full thrust is attained in about 0.1 sec after initial ignition. 
__ The overshoot in chamber pressure at the start is less than 20 
per cent of the rated pressure, steady-state oscillations in 
chamber pressure are less than +5 per cent of the rated pres- 
sure, and shutdown is completed within 0.3 sec after any type 
of signal, command or malfunction. Minor afterburning 
occurs for 1 to 2 min and minor fuming for 5 to 10 min after 
shutdown. No carbonaceous deposits are formed and no 
purge is utilized. In cases where the sled is not operated to 
od full duration, propellants are removed from the tanks after 
the test, and the injector manifold is drained. 
_ Table 1 outlines a representative, static, preliminary flight 
rating (PFR) test program which evaluates starts, steady- 
state operation, shutdown, malfunction, safety limit and en- 
__- vironmental conditions. Static PFR tests of the AJ10-36 
7 : sled had already been initiated when it was decided to change 
the starting sequence from a pre-pressurized system to a 
transient system. The advantage of the transient system, in 
id terms of reduced tank working pressure, can be seen when it 
( is observed that the characteristics of the main gas regulators 
in use resulted in pre-pressurized tank pressures of 50 to 100 
_ psi higher than normal firing pressures. The lower operating 
tank pressure was considered especially desirable to increase 
7 the margin of safety between tank operating and design burst 
_ pressures. The pre-pressurized start with its separate arming 
_ eycle (admitting gas pressure to propellant tanks) and firing 
-_ eyele (opening the thrust chamber valve) was changed to the 
transient start by combining the cycles. Gas pressure is ad- 
7 mitted to the propellant tanks at the same 200 psi/sec rate 
7 By by the firing-switch signal, and the signal is sent to the thrust 
_ chamber valve at some predetermined tank pressure sensed 
by a pressure switch. Test firings were conducted with pres- 
-sure-switch settings over a band from 450 to 525 psi and with 
- tank ullages of 5 and 50 per cent to determine the system sensi- 
tivity. The 525-psi switch was selected for service; however, 
safe operation was obtained at all settings. 
For convenience, the development and static PFR tests of 
the AJ10-36 system were conducted on a mockup sled, and 
' only adjustment and acceptence tests were performed with 
the first deliverable vehicle. An abbreviated static-test pro- 
gram ~was conducted on the similar AJ10-28 sled, and the 
dynamic-test program on it was initiated while work pro- 
ceeded on the AJ10-36 static-test vehicle. Static tests of the 
AJ10-33 sled will begin in the near future. 
A typical dynamic-test program is outlined in Table 2. 


oe Table 1 Typical static-test program 
Number 
of 
tests 
Checkout 
Check system operation; adjust to optimum 
conditions 2-5 
Shakedown 
Rated conditions 2 
High mixture ratio 2 
Low mixture ratio 2 
Fast thrust chamber valve operation 2 
Slow thrust chamber valve operation 2 
Shutdown during starting transient y 
Loss of electrical power 2 
Loss of pressurizing gas 2 
Rated thrust, serviced for 50% duration = = 2 
Preliminary flight rating 
Rated conditions . 
Maximum thrust - 
High mixture ratio | 
Low mixture ratio 
Fast thrust chamber valve operation _ 1 
Slow thrust chamber valve operation  _% 
Loss of electrical power 
Loss of pressurizing gas 1 
High temperature environment 
Low temperature environment 1 


Combined with this PFRT program is a nose-environment 
study program utilizing accelerometers and velocity trans- 
ducers. High and low frequency telemetering transmitters 
are provided for rocket and environmental monitoring trans- 
missions. The dynamic-test program is intended to demon- 
strate safe and satisfactory operation of the liquid rocket sled 
under dynamic conditions. Again the peripheral conditions 
of mixture ratio, valve timing and deliberate malfunctions 
are tested to show the system adequacy under these condi- 
tions. Seventy-one dynamic tests of AJ10-28 and AJ10-36 
sleds have been completed with over-all satisfactory results. 
The propellant tank baffling was designed for dynamic opera- 
tion, and propellant exhaustion tests were made only on the 
track. The rocket shutdown system functioned well under 
these conditions. The primary problems encountered during 
the dynamic-test phase have been the obtaining of high quality 
telemetry records and excessive slipper wear. Telemetry prob- 
lems are being resolved by improved wiring and calibration 
techniques, but the slipper problem is more difficult. The pres- 
ent, formed, 304 stainless steel, }-in. gage liner with a 4130 }- 
in. outer case does not appear satisfactory for maximum veloc- 
ity conditions on the AJ10-36 sled. Excessive wear is occur- 
ring at the higher velocities. Solutions involving thicker |in- 
ing, shifted pivot location, hard facing material, aluminum 
bronze, cooling fins or complete redesign are being considered. 

Rocket servicing procedures for dynamic testing are similar 
to those for static tests except that quick disconnect nozzles 
are used for the oxidizer fill-and-return lines to the trailer, 
permitting the use of a rapid-filling, closed-circuit system. 
The times required for the operations are similar to those 
noted for static testing. The service life of parts is satisfac- 
tory thus far; for example, only one thrust-chamber valve 
replacement was required in 12 track tests. Even with the 
scheduling and operational problems accompanying 4 
generally heavy work load, it has been possible to maintain 
a good track testing rate. The limiting time factors have been 
those of servicing and readying the nose environmental in- 
strumentation. Since moderately large numbers of functions 
are being monitored, considerable follow-up, test record 
evaluation, data reduction, calibration and transducer relo- 
sation between tests are required. These tasks represent time 
factors which are not easily reduced. 
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Table 2 Typical dynamic-test program 


Number 
of 


tests 


Checkout 
Loss of electrical power (subsonic ) 
Shakedown 
Rated thrust, serviced for 50°; duration 
Maximum thrust 
Loss of oxidizer supply l 
Preliminary flight rating 
Rated thrust, full duration 
Loss of electrical power 
Loss of pressurizing gas 
High mixture ratio 
Low mixture ratio 
| Fast thrust chamber valve operation 
| Slow thrust chamber valve operation 
| 
| 


Thrust chamber pressure-switch failure 
Vibration environment 
Conducted during PFR tests 


Instrumentation 


The basic system for monitoring the liquid rocket operation 
during static tests used a direct wire from the transducer to 
the coupling unit and to the end instruments. Wiancko, 
Aerojet and Statham pressure transducers, Statham ac- 
cclerometers, iron-constantan thermocouples and variable- 
resistance potentiometers are used on the test sled. Wires 
are routed from these to the stand terminal patch board, 
through conventional stand conduit wiring to the instrumen- 
tution-room patch panel, into Wiancko or Consolidated 
coupling units, as required, and from there to oscillographs or 
direct-reading instruments. All functions are recorded on 
two different instruments, facilities permitting, and in some 
instances duplicate transducers are used. High response 
galvanometers are used in the recording oscillographs. Ac- 
curate, slide-wire, direct-reading, strip-chart instruments are 
employed for tank pressures, chamber pressures and flow 
rates to permit monitoring the rocket operation during the 
test firing. Calibration of the pressure transducers in these 
systems is accomplished by applying known pressures—from 
a hydraulic table using standard weights to produce the 
pressure—to the transducers on the test vehicle, and recording 
the signal values at the end instrument. This method insures 
evaluation of the system as used during the test and elimi- 
nates errors often introduced by methods which involve 
special, calibration electrical links. Reduction of the records 


‘gathered from the static tests produce) data with the ac 
curacy expected for this type of instrumentation system. Ex- 
cellent correlation was obtained with previous data gathered 
and averaged during the more than 600 tests on this and simi- 
lar thrust chambers. 

For instrumenting the dynamic tests, transducers had to be 
selected that were compatible with existing telemetry sys- 
tems. Statham strain-gage transducers and Raymond Rosen 
transmitters were installed on the AJ10-36 sled. Provisons 
were made for 12 channels of liquid rocket parameters and 
for 12 channels of nose environment transmissions. The 
transducers for this system are bench-calibrated, after which 
the electrical circuits are checked against known electrical 
inputs. The rocket data, although showing considerable 
scatter, indicate satisfactory results and would fall within the 
wider accuracy band known to be inherent with available 
telemetry systems. Data are received at the ground station 
and recorded on magnetic tape. Some functions are simul- 
taneously recorded on pen-type, direct-reading instruments 
for quick-look data after the test. The usual analog presenta- 
tion of the tape data is made by playing back the tape into 
recording oscillographs. As on other programs, the analysis 
of the environmental velocity data and the acceleration 
transducer data is difficult. The natural frequencies of the 
transducers, recorders, galvanometers and nose section must 
be considered when reducing the recorded data. Correlation 
of known forces of thrust and velocity (as shown by the track 
velocity indications) with certain of the environmental 
transducers provides an excellent check. This correlation 
also gives information which can be applied to the data reduc- 
tion problem in general. The selection of the true acceleration 
amplitudes and frequencies becomes a process of selective 
rejection of noise, harmonics and other misleading values. 
Other factors such as slipper wear are indicative of actual 
forces and help to point out the proper method of record in- 
terpretation. Considering the additional reduction in ac- 
curacy due to the limitations of this type of analysis, the re- 
sults are somewhat lacking. However, these data, particu- 
larly when they may be considered for a large number of 
tests, are significant and do establish the environment within 
a certain band of values. 


Conclusions 
(a) Major design objectives have been achieved; liquid 
rocket sleds have been successfully designed, fabricated, 
tested and operated. (b) The systems are trouble-free, re- 
liable and capable of repeated rapid operation. (c) The 
acceleration conditions produced can be used for the impor- 
tant nose-section payload tests. 


7: paper outlines what the Rocket Development Lab- 
oratory at Redstone Arsenal has done in development 
and testing on the ballistic ramp and what can be done to de- 
velop test techniques on a relatively inexpensive track. 

The Redstone ballistic ramp came into being in 1955 when 
a construction contract was let for the sum of $150,000. 
This contract covered the cost of erecting a dual rail track 
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600 ft long and construction of an instrument building at the 
breech end of the track. The track itself was inclined at an 
angle of 3 deg with the horizontal to eliminate ground effect 
on radar instrumentation and to facilitate camera instrumen- 
tation. Location of the track was such that the muzzle was 
35 ft above ground level. No auxiliary buildings other than 
the instrument building were included in the contract. It 
was planned to use environmental facilities at a nearby range 
to service the track. The original contract specified that the 
rails be aligned to within a in. over the entire length of 
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track. Both track rails were welded at the joints in order to 
provide a substantially smooth continuous rail length. 
Vertical and lateral adjustments stations were located 
approximately 3 ft apart. Standard 60-lb railroad rail was 
used. After the contractor had completed his work, a test 
sled was fabricated and was hand run up the track as a 
rough check of track alignment prior to firing a test sled. 
Subsequent to this rough check a survey was made to check 
rail alignment. It was discovered that there was a small 
bow toward the muzzle end of the track and this was corrected. 

Sled construction was aluminum; sled shoes were mag- 
nesium. Magnesium shoes were used since test work by the 
Naval Ordnance Test Station at Inyokern indicated that 
magnesium was one of the best materials for light sleds. 
Based on previous calculations the velocity reached by this 
sled should have been approximately 1000 fps, 500 ft down 
the track. Measured maximum velocity was 850 fps, 
450 ft down the track. 

A magnetic pickup system was used to measure time- 
distance and by differentiation obtained velocity-distance. 

Since the first sled run was successful and since it was 
imperative to start firing air-to-air rockets for data, an 
accelerated track checkout program was necessary. In 
quick sequence (about one week) 12 sleds were run. 

At the conclusion of this limited test sequence it was de- 
cided that the track was ready for use and on June 6, 1955, 
the first test rocket was launched at 15 deg elevation relative 
to the track. Launch velocity was 854 fps. Since that time 
310 data runs have been completed with only a few isolated 
instances of failure. In one instance the sled propulsion 
unit was conditioned at a higher temperature than normal, 
and the booster motor failed; however, no damage was done 
to the track. 

Sled designs have generally proved satisfactory on first 
firings with nothing but elementary stress analyses being 
computed. Undoubtedly all of our sleds are overdesigned. 
When we reach a state of the art where every ounce of 
material overweight imposes a penalty on test conditions, 
then a more refined sled design procedure will be used. 

After the track had been in test use for four months we 
received a request for launch velocities of 1500 fps. We had 
previously achieved velocities of 1100 fps using two obsolete 
5-in. HVAR’s at propulsion units on a standard two-rail 
sled. It was felt that 1500 fps would require an approach 
other than brute force. Accordingly, a monorail sled 
design was fabricated. The original monorail sled (Type I) 
used standard shoes. A 5-in. HVAR was used as the pro- 
pulsion unit. This sled, tested with its rocket payload, 
reached a velocity of 1274 fps at rocket launch. 

In addition to an increase of launch speed there were four 
other objectives in the design and test of the monorail sled: 

1 To achieve a more stable launching platform and thus 
decrease rocket dispersion errors caused by sled movements. 
In previous firings using a dual-rail sled, it was discovered that 
the dispersion of sled-launched rounds was somewhat greater 
than that of rounds launched from aircraft. This in itself 
was not serious enough to affect the over-all results of the 
tests, but indicated that steps should be taken at least to 
minimize extraneous sled motions. Static tests were con- 
ducted on dual-rail sleds to determine sled movement. It was 
discovered that cumulative tolerances added up to an eleva- 
tion change of 9 mils that could be introduced by sled bounce. 
It was also discovered that it was possible for the launcher 
to be malaligned +5.5 mils horizontally due to random 
motions during travel. It was evident from dispersion data 
that all this motion was not being reflected directly in rocket 
dispersion; however, it was necessary to eliminate any 
possible source of dispersion not connected with the test 
rocket. 

2 To establish aerodynamic control of the sled such that 
it would dive quickly after leaving the track to avoid block- 
ing Doppler radar instrumentation. The most suitable 
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position for our Doppler radar is directly behind the track, 
and a tumbling sled, because of its larger size, overrides the 
signal from the test item. 

3 To produce a more economical sled than the dual-rail. 

4 To provide experimental data for further extension of 
track-launching velocities to a possible secondary objective 
of 2500 fps. 

During its free flight after leaving the track the original 
Type I sled had flown for several hundred feet without 
tumbling, apparently stabilized by its fore-and-aft braces. 
In an attempt to capitalize on this characteristic, the braces 
on the Type II sled were canted downward to “fly” the sled 
out of the radar beam. 

Six tests of the Type II sled were made, two with live 
rockets. Both rocket firings were made at a launcher eleva- 
tion of 15 deg. Launch velocities were approximately 1200 
fps. The “wings” did not function as anticipated and the 
sleds tumbled. The two live firings were conducted with 
Type 310 stainless steel shims in the shoes to reduce track 
shoe clearances to 0.050 in. vertical and 0.060 in. horizontal. 
A final Type II monorail sled was fabricated equipped with 
close-fitting (0.030 in. vertical and 0.043 in. horizontal) 
magnesium shoes. The maximum sled roll (cant) that 
could have been introduced by various shoes was: 


Shoe type Maximum roll (mils) 
1. Standard 180 
2. Steel shim 45-54 
3. Close-fitting magnesium 29 


Study of magnesium deposits left on the rail by close- 
fitting magnesium shoes indicated that the sled did not roll. 
This was further substantiated by the position of the ignition 
knives at second-stage ignition. Ignition screens were 
sliced cleanly and the cuts were equidistant above the rail. 
The combination of aerodynamic loading (slanted wings) and 
close-fitting shoes appeared to have eliminated the tendency 
of previous sleds to bounce. 

The tests of sled designs continued toward satisfying all of 
the afore-mentioned objectives. At this point we felt that 
we had a sled system capable of carrying the test item to 
1250 fps and launching it at angles relative to the track up 
to 15 deg, and that we had cut down on sled motions at 
launch. However, the problem of obtaining radar veloci- 
meter data, i.e., the problem of diving the sled out of the 
way, was only partially solved. 

The velocity problem at this point appeared to be one of 
obtaining a more suitable booster motor, one with a shorter 
burning time and a higher specific impulse. Shopping around 
uncovered a motor that satisfied the second of these require- 
ments. Lack of funds prohibited purchase of new motors and 
the high impulse boosters discovered were fortunately surplus. 

The motors weighed one quarter as much as the HVAR and 
had about half the thrust. 

Complete sled weight, including payload was 52 Ib com- 
pared to 156 lb for the HVAR-propelled Type II sled. Diving 
“‘wings’’ were included in the design since it was felt that the 
lighter mass (approximately 28 lb after rocket launch) might 
insure success of our “‘wings.’”’ Two Type III sleds were 
fired, on June 1 and 8, 1956. The booster on the first sled 
burned through near the head end, but in spite of this the 
launch velocity was 1386 fps. The second sled functioned 
satisfactorily and reached a rocket launch velocity of 1506 
fps. Both sleds dived out of the radar beam. For the first 
time in our tests a good radar velocity-time plot was obtained 
from a zero degree launch. Based on these firings it was 
decided that 1500 fps launchings were feasible with an 11-lb 
payload and that the Type III sled would be suitable for this 
type firing. 

Although it was evident that even at these velocities the 
booster was burning beyond the track, a further speed test was 
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conducted using a monorail sled with two boosters, Type IV. 
Two sleds were launched and reached 1550 fps at rocket igni- 
tion and approximately 1730 fps at the end of the track. 
Neither rocket was launched until the sled had traveled 200 
to 250 ft past the end of the track. It appears then that, with 


the present booster motors, 42-lb sled and the particular 
rocket tested, 1500-1700 fps is the top speed. For the 600-ft 


track to reach higher velocities, a booster designed for track 
operations is needed. Since very little difficulty with shoe 
erosion or sled malfunctions has occurred, it is felt that with a 
suitably designed booster no troubles will be encountered at 
higher velocities. All the tests previously described were con- 
ducted while the track was in use for project test and represent 
only a small test effort on our part. 


Introduction 


HE complexity of present and future weapon systems has 

created the need for more refined test facilities. Only 
recently has it been recognized that large-scale captive testing 
is essential, and its addition to the development cycle, costly 
as it may be, actually shortens this cycle and reduces develop- 
ment costs. 

As an example, consider the launching of a guided missile. 
An aircraft-type structure which duplicates the shape of a 
missile is filled with a multiplicity of components and working 
mechanisms, blasted into the sky with powerful propellants, 
and it is hoped that all components will function properly. 
When one component fails under the take-off blast it is only in 
rare cases that the defective component can be clearly iden- 
tified in the resulting wreckage. 

Hence, new methods must be devised to give assurance that 
the specific item is reliable, and that all components will per- 
form together as expected under actual flying conditions be- 
fore being actually launched into the air for the first time. 
The requirements for a test facility to do such a complex job 
are ideally fulfilled by a high speed track. 


The Holloman track is located on the floor of the Tularosa 
Basin of southern New Mexico, at an average elevation of 
about 4100 ft above mean sea level. The general orientation 
of the track is south to north. The profile of the track shows 
arise of 1 ft per 1000 ft. 

The track consists of a U-shaped, reinforced concrete 
foundation supporting the 171-lb per yard crane rails, fitted 
with alignment-anchor fixtures. It is 35,000 ft long, consist- 
ing of 5000 ft of previously existing track and 30,000 ft of 
newly constructed track. 

In cross section, the U-shaped foundation is 934 ft wide and 
5 ft high, and provides a water trough 60 in. wide and 14 in. 
deep along its entire length. The volume of water, for 
braking, can be varied by the insertion of masonite dams at 
10-ft intervals. Varying the height of these dams permits the 
deceleration of test vehicles to be programmed within close 


Description of the Track Facility 


General Information 


The track, planned by Holloman Air Development Center, 
was designed and constructed by the Corps of Engineers, 
Albuquerque District. It resists the following loads pro- 
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duced by the moving vehicle: (a) Vertical downloads of 70 
kips per slipper, (b) vertical uploads of 25 kips per slipper and 
(c) lateral loads of 40 kips per slipper on any two slippers. 

For design purposes it is assumed that a typical test vehicle 
will be equipped with four slippers, two in front and two 
in the rear, each 2 ft long and spaced, front to rear, on 12-ft 
centers. 

The track gage is 7 ft between center lines of rail tops. 
The 39-ft rails were forge-welded, in a field shop at the site, 
into four continuous rail sections—three of them 10,000 
ft in length and the fourth 5000 ft. To offset expansion 
at high ambient temperatures the rail sections were pre- 
stressed by hydraulic jacks before tie-down to a length cal- 
culated to produce zero tension at 120 F. The exact magni- 
tude of stress initially imposed on the rails by tension varies 
with the actual rail temperature at the time of tensioning. 

The rails are anchored to the concrete girder at 52-in. in- 
tervals by fixtures which permit vertical and lateral align- 
ment in addition to holding down the rail. The rails are 
further supported by an asphalt ballast, interrupted every 
52 in. by the alignment fixtures to provide suitable damping 
for the rail proper, so that no wave propagation resulting in 
stress multiplication for the girder may develop. 

The concrete girder must resist dynamic loads imposed by 
the test vehicle moving at supersonic speeds on the track. 
Hence, the design is based on theory for ‘ultimate design,” 
i.e., on the action of reinforcing steel and concrete beyond the 
elastic range where stress is no longer proportional to strain. 

The loadings under consideration for the track girder are 
either of the impact type or of extremely short duration. It 
was therefore considered conservative to use ultimate stress 
for concrete compression and yield stress for mild steel in 
designing against moving slipper loads. 


Dynamic Considerations 


An analysis has been made of the behavior of the track 
under moving loads. However, it must be kept in mind that 
the results are based on assumptions and estimates which are 
difficult to confirm without extensive field tests. Such tests 
are now in progress. 

According to G. W. Housner (1)? the design of the track 
may be safely based on the criterion that the moments pro- 
duced by dynamic forces will not exceed twice those produced 
by equal static loads. The analysis of the girder shows that 
it is capable of resisting a maximum vertical momentum of 
about 320 ft kips. Assuming that the moment is imposed 
by two reactions spaced 12 ft apart between front and rear 
slipper, the concrete girder will be capable of supporting 40 
kip downward slipper loads traveling at critical velocity. 
Upward slipper loads of 25 kip moving at critical velocity will 


2 Numbers in parentheses indicate References at end of paper. 
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produce concrete and steel stresses of 192 psi and 1930 psi 
respectively. 


Construction Procedures 


It is important that the foundation of the concrete girder is 
homogeneous over its entire length. Even though the floor 
of the Tularosa Basin is unusually flat, some cuts and fills were 
necessary in laying out the track. 

To position the girder within 0.25 in. required extreme care 
during fill operations and fills were kept toa minimum. The 
track follows the terrain with a radius of curvature of not less 
than 1 million ft, rather than a straight line. Tests on the 
degree of compaction showed that compaction between 95 
and 98 per cent was actually achieved. It may be noted 
that settlements of as little as 0.25 in. will throw that portion 
of the track out of alignment tolerance. 

A 10-in. concrete foundation was designed to serve not only 
as part of the track base but also to act as a firm mounting 
for steel forms, used to shape the main girder, and for holding 
them to 0.25 in. tolerance. 

The steel forms, in addition to shaping the concrete foun- 
dation within the required tolerance, also acted as templates 
for the setting of the alignment fixtures. During the pouring 
operation approximately 700 ft of foundation were poured in 
an eight-hour shift. 

The rails were forge-welded from standard 39-ft sections of 
171-lb crane rail, rolled by Bethlehem Steel Corp. Special 
welding equipment was required to produce rail-butt align- 
ment within the tolerance allowed. Cutting, welding, heat 
treating and grinding were done with special tools in six 
steps. About 8 min were required for one complete welding 
operation, 


Final Alignment 


As stated, the track follows the terrain with a radius of 
curvature of not less than | million ft. This requires that the 
rail must be aligned to very close tolerances by continuous 
survey. A first-order base line with a probable error of not 
more than one part in 2 million is provided as a reference line. 
From this base line the top and inside faces of the master 
rail are aligned to within +0.005 in. The other rail is aligned 
to the master rail to within +0.01 in. This alignment ac- 
curacy applies to that portion of the rail directly over the 
alignment fixture. Small misalignments that may exist 
between the fixtures result in high frequency vibrations which 
rarely are transmitted from the slippers to the main parts of 


the sled and are not considered serious. More serious are 
vibrations transmitted to the sled structure by misalignments 
several hundred feet in length. 

Alignment requirements must be based on the predeter- 
mined value for the allowable maximum transverse accelera- 
tion at a given velocity, i.e., on the curvature of the rail. 
With 1/p the curvature of the trajectory of the center of 
gravity and v the velocity of the rocket sled, the transverse 


acceleration is 4 1 
py? 
p 


Postulating that at a speed of Mach 5 the transverse ac- 
celeration shall not exceed 1 g, the radius of curvature must be 
at least 940,000 ft, which is slightly less than the specifie:! 
radius of curvature of 1 million ft. 

When the load is traveling at near critical velocity (v/v, 
=> 1) the maximum deflections and moments may appreciably 
exceed maximum deflections for static loads. The effect of 
damping, however, tends to reduce the deflections and bending 
moments. Damping is produced by energy losses due to 
stresses within the beam, stressing of the soil underneath the 
beam, and propagation of stresses through the ground in the 
form of seismic waves. 


Critical Velocity 


The critical velocity in the beam for the Holloman track 
was computed by G. W. Housner according to a method de- 
veloped by J. T. Kenny Jr. (2). The critical velocity de 
pends on the modulus of elasticity Z, the moment of inertis: 
I, the mass of the concrete beam p, and the foundation stiff- 
ness of the beam k. 

None of these quantities can be determined very accu- 
rately for the beam under consideration. The modulus of 
elasticity is taken to be H = 4.32 X 10° lb/ft? and the moment 
of inertia for the concrete section to be J = 16.7 ft*. To de- 
termine the mass of the beam it was assumed that approx- 
imately 2000 lb/ft of soil will move with the beam of 3700 
lb/ft dead weight, giving a total mass of the beam of p = 177 
slug/ft. The soil under the track deflects 0.06 in. under a 
bearing load of 3000 Ib/ft?, giving a foundation stiffness of 
k = 6 X 10° lb per ft/ft. 

The critical velocity of the track is given by 
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With the above numerical values 
v., = 1550 fps 


The critical damping is 

ayy Ib see 

Cop = 2V kp = 62 000 —— 


The true values of critical velocity and of damping may 
he determined only by extensive tests. 

For speeds in excess of the critical speed the load must be 
accelerated through the critical velocity. In order to meas- 
ure the stresses in the beam and to determine the actual 
critical velocity, a 4000-ft section of the track between sta- 
tions 15,500 and 19,500 is instrumented with strain gages 
placed at 100-ft intervals. 
-. 


Support facilities are being provided in order to extend the 
capabilities of the track and to reduce the time between runs. 
In the past the utility of tracks has frequently been hindered 
yy the lack of facilities necessary for the preparation, mod- 
ification and maintenance of rocket sleds, for check-out pro- 
cedures of instrumentation and test items prior to a test run, 
and for proof-testing of rocket engines. In fact, unless such 
facilities exist at the track site, maximum use of the high 
-peed track cannot be made. Fig. 1 shows the support. fa- 
cilities which have been included in the Holloman track com- 
plex. These facilities consist of: 

1 Three blockhouses, one each at the south and north end 
of the track, and one halfway between. Each blockhouse is 
equipped with a complete firing circuit and rocket sleds may 
he fired from any one of them. 

2 A booster-ready building near the south end of the 
track, to permit the conditioning of the boosters for optimum 
performance prior to their use. 

3 A data-collection building connected with the block- 
houses, firing pads and instrumentation sites is the heart of 
the extensive instrumentation network of hard lines, coaxial 
cables and radio links; the building facilitates communications 
and data collection. 

4 A missile-assembly building in which the contractors 
match the test items to the rocket sleds and check the instru- 
mentation prior to a sled run. 

5 A maintenance and repair shop for the large number of 
rocket sleds used at the track. 

6 A rocket test stand for horizontal burning of rocket 
sled engines capable of withstanding 1 million lb thrust, for 
proof-testing and calibration of liquid and solid propellant 
rocket engines to be used on the track. 


Support Facilities 


7 


Track Performance 


Sled Ballistics 


Sled ballistics deals with the motion of rocket sleds and 
provides a means of computing sled velocities from the known 
characteristics of the propulsion system and of the sled. 

In general a ballistic trajectory of a rocket sled on the track 
consists of four phases: (a) An acceleration phase during 
which the sled is accelerated for a required period of time 
or to a required speed, (b) a sustained constant speed phase, 
(c) a free run or coasting phase and (d) a deceleration phase. 
Depending on the test objective, any one of the four phases 
may be more important than the other phases and may be 
programmed. Fig. 2 presents a number of typical trajec- 
tories which are conceivable on the 35,000-ft track. 


The actual trajectories, however, which may be attained — « 


are restricted by the performance of available v 
systems and the aerodynamic design characteristics of the wie 


rocket sled used 
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The ballistics of rocket sleds and the resulting equations 
have been treated extensively (3, 4). A number of assump- 
tions must be made to arrive at practical solutions for the 
motion of a rocket sled. Since we are proceeding into an un- 
known area, the actual performance limitations will be known 
only after the soundness of the assumptions have been proved 
in actual tests. 

We would not have built a 35,000-ft track without the as- 
surance that a specified minimum performance could be at- 
tained. With available propulsion systems and sled de- 
signs it is possible to attain linear accelerations up to 100 g, 
velocities in excess of 3000 fps and decelerations up to 150 g 
for recoverable test vehicles. 

In order to exceed these values it will be necessary to de- 
velop propulsion systems giving approximately 60,000 Ib 
thrust per sq ft of frontal area, and having rocket indices of 
180 Ib sec/Ib and total impulses between | and 10 million 
Ib sec. Such propulsion systems may use either liquid or 
solid propellants. Sled designs will have to meet specific 
test requirements of the project for which they are to be built. 

Great effort is being made to investigate the effect of ground 
interference on the ultimate speed of rocket sleds. The 
problems encountered in this area include choking of the air 
flow underneath the sled, lift forces and interference drag of 
bracings and support struts, sled body and water scoop. 
Choking of the flow underneath the sled causes undesirable 
pressure distributions resulting in large overturning mo- 
ments. Lift forces cause the sled to fly rather than to ride on 
the top of the rail. Some lift on the sled is desired, but it 
must be controlled. The ideal sled configuration would have 
just enough lift to carry the sled weight and to relieve the 
slipper loads. 

Determining the ultimate speed which may be attained 
with a rocket sled is the mass ratio of the vehicle; that is, the 
ratio » of the total mass of the sled at the start Mp to the mass 
of the sled after burnout M. 

Assuming values for the thrust 7’, of the propulsion system, 
the air drag coefficient ¢,, including ground interference, and 
the frontal area A, of the vehicle, a terminal velocity for the 


sled may be computed 


where p is the density of the ambient air, which is constant at 
the track tests. 

The actual velocity which can be attained depends then 
only on the mass ratio ~ = Mo/M and the specific impulse 


[,,, of the propellant, viz. 


up = VOT 


where 
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Fig.3 Rocket sled velocity vs. mass ratio for different 
terminal velocities—velocity at start, v. = 0 


A plot of the velocity as a function of the mass ratio, as 
proposed by H. Schwinge, is presented in Fig. 3. This plot 
shows the actual speeds which may be attained with a rocket 
sled. Once a powerplant is selected, the terminal velocity 
may be easily computed. To reach actual velocities of, say, 
4000 fps, mass ratios of about 2.2 and terminal velocities of 
7000 fps must be accomplished. 

The mass ratio of present rocket sleds is much smaller and a 
radical change from present sled design concepts is necessary 
if optimum performance is to be realized. 

The drag coefficient c, of a complex body such as a sled, 
moving near the ground with supersonic speeds, is not very 
well known. We expect that c, values of less than 2 will be 
feasible at speeds of Mach 1.5 and above. Only extensive 
investigations of ground interference can provide actual 
data of this important parameter. 

The maximum velocity of a rocket sled with given mass 
ratio and given specific impulse is obviously reached when the 
terminal velocity approaches infinity, denoting either in- 
finite thrust or zero drag. 

Sled ballistics also includes the problem of friction and wear 
at the contact surface between the slipper and the rail. For 
the anticipated speeds in excess of 2000 fps and distances of 7 
miles this problem has no precedent. Even though most of 
the slipper wear which is presently being observed at high 
speeds during long runs may be caused by uncontrolled 
moments and excessive lift, there still remains a real problem 
of wear. 

This problem has been studied extensively in recent years 
and some progress has been made. At Holloman, the con- 
viction is that some kind of lubrication between slipper and 
rail is needed. Studies by M. E. Shank (5) indicate that 
hydrodynamic lubrication may be the solution to the prob- 
lem; but such lubrication imposes severe operational limita- 
tions which will be difficult to overcome. Imperfect lubrica- 
tion, solid lubricants or extreme pressure lubricants may also 
solve the problem, as shown by S. Kyropoulos (6). In the 
case of solid lubricants it will be necessary to treat the rail 
with a compound which will absorb the energy created’ by 
friction and, at the same time, will reduce wear. 


Instrumentation 


Technical information from track tests is collected by pre- 
cision instrumentation. 

1 Velocity and Position Acquisition System. This system 
measures the velocity and the position of the rocket sled as a 
function of time. Present equipment measures velocity to an 
accuracy of about 1 fps at 1000-fps velocity and positions to 
within 0.1 in. With an improved system now being installed 
on the Holloman track, the rocket sled carries a small light 
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source which directs a beam into a light sensitive element. 
Plates spaced at precisely known distances along the track 
interrupt the light beam as the sled passes. The signal is 
telemetered to the data collection building for time correla- 
tion and recording. Higher accuracies up to within 1 part 
in 20,000 for velocity may be determined with special instru- 
mentation now under development, using high accuracy data 
from a sled mounted accelerometer in conjunction with space 
time data as proposed by F. J. Beutler and L. L. Rauch (7). 

2 Telemetry System. Extensive use is being made of telem- 
etry between the moving sled and the data collection build- 
ing. Two different systems are being used at Holloman. 
The frequency modulation (FM/FM) system receives trans- 
ducer data in continuous form with an error of about +3 per 
cent. This error can be reduced by automatic calibration to 
about +1 per cent. The pulse code modulation (PCM) 
system which is now under procurement will permit accura- 


cies of 99.9 per cent. The system has 32 channels, each with 
ve ten bits of information and a sampling rate of 750 cps. 


83 Data Reduction. Extensive data reduction facilities 
are available at Holloman. Selected portions of the telem- 
etry tapes will be programmed into a 1103A Remington 
Rand computer to obtain the results in tabular, plotted or 
punch card form. 

4 Timing and Programming System. The Holloman 
track is being provided with a dependable time signal and a 
programmer to cause events to take place precisely at a pre- 
determined time and in proper sequence. The timing device 
provides pulses from 1 pulse per 100,000 sec to 50,000 pulses 
per sec. Event pulses are transmitted through pre-set se- 
lector panels to the proper location via ground lines or radio 
links. 

5 Special Instrumentation. Special instrumentation for 
the track is constantly being developed. As an example 
Holloman has under development an optical system capable of 
providing shadowgraph and Schlieren pictures of the flow 
around a test item moving on the track. The shadowgraph 
system, being developed by Edgerton, Germershausen and 
Grier, Inc., will permit flow pictures to be taken during day- 
light operation, using a scotchlite screen as a reflector. i 


A study of the potential of the track as a development tool 
is necessary in order to delineate future testing possibilities. 

Evidently, the need for track testing lies in the areas where 
(a) controlled or sustained linear acceleration is essential, (b) 
large or full-scale test items must be selected, (c) costly free- 
flight testing can be eliminated, (d) repeated testing of the 
recovered test item is needed and (e) high dynamic pres- 
sures are important. 

Since high speed tracks have now been recognized as major 
development tools, the tests which have been successfully con- 
ducted in the past are expected to continue in the future. 
The completion of the 7-mile track at Holloman will remove 
limitations which have been previously imposed on a number 
of test programs. 

Biophysical investigations of flight environments will be 
extended to higher speeds and higher dynamic pressures. 
Performance and reliability tests of escape systems will also be 
extended following the trend to higher aircraft speeds. Longer 
runs of constant speed can now be provided for testing the 
ejection of multiple escape devices. 

Ballistic trajectories at high relative velocities as encoun- 
tered with air-to-air missiles can be determined for single 
and multiple firings with great accuracy. Higher speeds can 
be provided for terminal ballistic testing for the evaluation 
of fuses and penetration effects. 

Techniques for testing flutter and vibration characteristics 
of full-scale aircraft and missile structures on the track offer 
the design engineer test methods which will permit the deter- 
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mination of the correct conditions under which structural 
failure will occur, thus enabling the engineer to establish 
realistic margins of safety. Advanced methods are being 
developed, proposing nondestructive flutter test techniques 
which will permit determination of flutter speed and damping 
characteristics of an aerodynamic structure as a function of 
speed. 

An important potential of track testing is its capability for 
proof-testing complete missiles and their components during 
acceleration and deceleration, as well as under vibration and 
shock conditions equal to or more severe than those antici- 
pated in free flight. Such testing will detect weak compo- 
nents and inadequate designs prior to the release of the item 
to free-flight testing. 

The performance of guidance and control systems for 
missiles may be repeatedly tested and calibrated on the track 
with full recovery of undamaged hardware and instrumenta- 
tion. Such tests will be performed under realistic conditions 
of programmed acceleration, shock, vibration, and tempera- 
ture extremes, such as experienced in free flight. Testing of 
this sort requires extreme accuracies of velocity and position 
measurements of the rocket sled. Environmental conditions 
at these tests should approach those encountered in free flight. 
Great effort must be made to improve the environmental 
conditions during the rocket sled run and to reduce those ran- 
dom accelerations due to propulsion, track misalignment and 
ground interference toa minimum. Appropriate methods for 
the testing of guidance systems are now being developed. 

Such items as missile structures, pressure tanks, high- 
stressed joints and engine mounts may be tested on the track 
under realistic dynamic load conditions. The track test can 
simulate both the onset of acceleration and sustained linear 
accelerations as it will actually occur during missile flight. 
Very little has been done in this area and adequate test 
methods have not yet been developed. 

Rocket engines may be tested under captive flight condi- 
tions on the track. Since the rates of flow through valves 
and connecting pipes must be accurately controlled, the con- 
trol system must correct the increase of flow due to accelera- 


Cold flow tests with rocket engines on the track may 
furnish the data for the correct valve settings. 

Small components such as electron tubes, relays, gyros, fuel 
pumps and the like can be efficiently proof tested on the rocket 
sled in large numbers under environmental conditions more 


tion. 


severe even than those expected in free-flight. The evalua- 
tion of such tests may be used to increase the reliability of 
the components. 

Finally it should be emphasized that the track makes it 
possible prior to free flight to proof test full scale missiles for 
reliability and functional operation with all components 
functioning. 

There are areas as yet untapped where track testing may 
prove extremely valuable. So far, test methods developed 
for track testing have, in most cases, been extremely success- 
ful. Great effort will be made to improve these methods. 
Along with increased test requirements goes the need for re- 
ducing the time between runs and for improving accuracy and 
handling and processing of test data. 
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Measurements of Vibration Environment in a Supersonic 
Liquid Propellant Rocket Sled 


TPXHIS paper is concerned with some preliminary investi- 

gations of vibration environment measured during sled 
runs at various positions within two sleds constructed by 
Aerojet-General Corp. The measurements were made by 
Aerojet at the Supersonic Naval Ordnance Research Track 
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China Lake, Calif., as part of a sled shake-down program. 
Measurements were confined to positions within the nose 
sections where specimen missile components are to be tested. 
Results of the investigations are intended to be used to evalu- 
ate component performance, to separate effects due to vibra- 
tion and acceleration, to allow laboratory simulation of sled 
environment, and to establish sled environment for comparison 
with missile environment specifications. 

A total of 18 dynamic tests were completed at the SNORT 
track from August to December 1956. The track utilizes 
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Sled No. 1 on the Supersonic Naval Ordnance Research 
Track 


Fig. 1 


50-ft spans of 171 lb per vd crane rails set at the standard 
railroad gage of 4 ft 83 in. and extends for 4.1 miles. Rails 
are bedded in heavy H-shaped reinforced-concrete contin- 
uous beam and are precision aligned to within 0.06 in. hori- 
zontally and 0.036 in. vertically. Fifteen runs were com- 
pleted using Sled No. 1 and three runs using Sled No. 2. The 
nose sections enclosed telemetry, velocity measurement in- 
strumentation and masses which simulated specimen com- 
ponents. Each sled was powered by an Aerojet liquid pro- 
pellant rocket engine which produced a nominal thrust of 
35,000 lb for durations of 3 to 11 see. Total weight of each 
sled varied between 7000 and 8000 Ib. The sled on the track 
is illustrated in Fig. 1. Typical trajectories are shown in 
Fig. 2. 

The following sections will be concerned primarily with 
spectral analysis of the vibration data. The selected test run 
data presented are believed to be typically representative; 
however, selections were made on the basis of quality rather 
than content because large portions of the data are suspect 
for one reason or another. Studies are continuing in order to 
eliminate some troublesome uncertainties. It is hoped that 
it will eventually be possible to determine statistical varia- 
tions resulting from different runs, changes in location of 
pickups in the sled and changes in operating conditions. In 
this way the characteristics of each rocket sled as a test 
vehicle may be more adequately defined. 


Instrumentation 
7 


test run. Four types of accelerometers were used: Endevco 
2201 ceramic crystal accelerometers for 5 to 2000 cps vibra- 
tion, Giannini potentiometer and Statham strain gage acceler- 
ometers for low frequency vibration and Statham strain gage 
angular accelerometers for angular oscillations from 0 to 19 
cps. Two clusters of three Endevco accelerometers were 
used in each run to measure linear accelerations in the three 
coordinate directions, while one cluster of three strain gage 
angular accelerometers was used to measure roll, pitch and 
yaw angular acclerations. One cluster of three potentiometer 
or strain gage accelerometers was used to detect low frequency 
linear acceleration. 

During each test run, the 12 vibration measurements were 
transmitted via two 12-channel RDB standard FM/FM 
Raymond Rosen telemeters. Subcarrier channels A, C and E 
22, 40 and 70 kc) were used in each transmitter. The 
outputs of the six high frequency accelerometers were not fil- 
tered in runs 1 to 15 of Sled No. 1; however, in runs 1 to 3 
of Sled No. 2, 12-db-per-octave low-pass filters were interposed 
between the preamplifiers and oscillators of the high fre- 
quency vibration channels. Three-thousand-cps filters were 
used in the 40 and 22 ke channels and 2000-eps filters in the 
70 ke channels. 

The rf multiplex signals were received at the NOTS ground 
station with Nems-Clark 167-E receivers and discriminated 
with EMR 27e discriminators and standard EMR low-pass 
filters for recording on half-inch magnetic tapes via an Ampex 
307/4 tape recorder with 500-type head spacing. Two of the 
four tracks on the half-inch tape contained vibration data from 
sach telemeter link, while the third track contained Base 
coded time and the fourth track was used for voice annotation. 
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Twelve vibration measurements were made during each 


Each’ telemeter link was ¢alibrated before and after each 
run by means of a five-step calibration interposed at the input 
to each subcarrier oscillator. This procedure provided a 
means for calibrating the telemetry-transmitter-receiver- 
ground station system. All accelerometers were initially 
calibrated on an electromagnetic shaker in the laboratory. 

Calibration checks were employed twice during the course 
of the program by performing a straight-through shaker 
calibration. In this procedure, applied to the high frequency 
vibration links only, accelerometers were removed from the 
sled and mounted on a shaker near the telemetry transmitter. 
The accelerometers were connected to their preamplifiers and 
telemeters so that the signals generated by known sinusoid:l 
accelerations could be telemetered to the NOTS receiving stz- 
tion in the same manner as sled vibration data. The shaker 
signals and the usual five-step telemeter calibrations were also 
transmitted and tape-recorded. One straight-through cheek 
was performed with Sled No. 1 and another with Sled No. 2 
In both cases it was found that the two methods agreed to 
within 15 per cent. 

Background noise levels were checked from time to time b: 
leaving an accelerometer disconnected during a test run. 
Noise levels measured in this way appeared to be low relative 
to vibration signals. 


Multichanneled oscillograms were prepared from the half- 
inch standard magnetic tapes for each sled test run. Ex- 
amination of the oscillograms after each run revealed the 
quality of the data as received from the telemetry instrumen- 
tation and aided in planning the next test run. Additional 
study of the oscillograms provided comparative information 
on acceleration environment for evaluation of sled perform- 
ance. 

Laboratory analysis of the data was started by using a Kay 
Electric Vibralizer to prepare spectral charts showing fre- 
quency analyses of the six high frequency complex vibration 
accelerations for the 15 to 1500 cps Vibralizer range. This 
type of chart (in which amplitude is indicated by intensity 


Data Reduction 


2. Trajectory data from shake-down runs 
Code 


Sled 1, run 12 
Sled 1, run 13. ——--:- 
Sled 2,run 3 


Sled 1, run 7 
Sled 1, run 9 
Sled 1, run 10 


Run Statistics 

Run number 7 9 10 12 13 3 
Weight of nose section, lb 1330 1566 1400 1620 1445 1800 
Tctal weight of vehicle, lb 6900 7933 8037 8175 7990 7760 
Duration of powered 

run, sec 8.5 8.5 9.3 11.4 9.3 10.6 
Time of entry into water 

brake, sec 17.0 19.1 19.1 17.7 22.4 18.0 
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Fig. 3 Davies analyzer calibration records for high frequency 
analyses. (a) Sinusoidal signal from telemetered and tape 


recorded 6 g (peak) shaker calibration. (b) Random noise from 
a calibration tape 


modulation in plots of frequency vs. time) was prepared for 
entire test runs. The charts were used to provide a semi- 
quantitative indication of the spectral distribution of the 
vibration, particularly with regard to the extent of variations 
from position to position within the nose and from run to run, 
and to provide a spectral “map’’ for selection of times for 
power spectral density analyses and for location of resonance 
frequencies and time intervals. 

Power spectral density graphs were made using a Davies 
Automatic Wave Analyzer (with smoothing filter added) for 
2-sec intervals at points within the test run where relatively 
stationary processes occurred. Calibrations on these charts 
are indicated as gravities squared per cycle per second (power 
spectral density). Two frequency ranges were used, 7 to 100 
and 50 to 2000 eps. The Davies and Vibralizer analyzers are 
hoth sweep-frequency devices. 

A Davies analysis of a 900 eps sinusoidal vibration signal is 
shown in Fig. 3(a). (The low amplitude side frequencies 
evidently represent spurious excitation.) Davies settings for 
this analysis (as well as for the other broad-band analyses pre- 
sented in this paper) included a bandwidth of 6 eps, a tape cir- 
culation period of 2 sec, and an averaging sweep rate of 3 eps. 
The time constant of the smoothing filter added at the output 
was 2 sec. Fig. 3(a) indicates that the effective (dynamic) 
bandwidth was about 20 cps; the increase over the 6 
cps bandwidth setting was due to the effect of the smoothing 
filter. Since this is an averaging rather than an rms effect, the 
amplitude of the sine wave analysis does not appear as large 
as it should. However, this distortion should not be impor- 
tant unless power spectral density is peaked in narrow fre- 
quency bands. The data for the most part do not show such 
peaks, and therefore the analyses are probably not particu- 
larly distorted. Evidence that the Davies analyses do show 
power spectral densities was provided by comparing the area 
under a power spectral density curve with the equivalent rms 
voltage measured at the output of the discriminator; the two 
determinations were in approximate agreement. 

Fig. 3(b) shows the Davies Analyzer response to the white 
noise generated by a General Radio noise generator, and may 
be used together with Fig. 3(a) as a reference in interpreting the 
broad band Davies analyses. 

A comparable narrow band analysis for the low frequency 
end of the spectrum is shown in Fig. 4. Davies settings for 
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this analysis (as well-as for the other narrow band analyses) 
included a bandwidth of 1 eps, a tape circulation period of 2 
sec and an average sweep rate of 0.06 eps per sec. 
this low sweep rate the effective bandwidth was also about | 
cps. In Fig. 4 the 60-cps peak was due to pickup in the eali- 
bration tape and the roll-off below 30 eps was due to the 
characteristics of the General Radio noise generator. 


4 irrors 


Average probable instrumental errors associated with the 
calibrations indicated in the Davies analyses are estimated in 
Table 1. These errors include accelerometer, telemeter, tape 
recording and Davies errors. The larger of the two figures 
given is applicable in each case. 


Table 1 Average probable instrumental errors 
(Davies) 


Sled No. 1 


20° or 0.0003 
g?/eps 


Sled No. 2 


20% or 0.01 
g?/eps 


Amplitude 
Broad band 
analyses 


Narrow band 
analyses 


30% or 0.003 
g?/eps 


or 0.01 
g?/cps 


0.5% or 0.2 
eps 


Frequency 0.5% or 0.2 eps 


In addition to the calibration errors in Table 1, distortion 
errors of the Davies were present. As stated, the distortion is 
associated with lack of square law detection and is important 
if power spectral density changes abruptly. Its effect may be 
inferred from Figs. 3 and 4. 

Statistical variations associated with the limited duration of 
the random vibration samples analyzed should also be con- 
sidered in interpreting the results. Such variations will have 
the effect of random error on generalizations based on the 
analyses. The effect of the variations may be seen in the 
white noise analyses of Figs. 3 and 4. 


Spectral Vibration Analysis 
The vibration data were obtained at relatively solid refer- 
ence points in the nose structures. In Sled No. 1, which is 


illustrated in Fig. 1, these points were at (a) the base of one 
of the rear uprights supporting a dummy gyro component at 
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Fig. 4 Davies analyzer calibration records for low frequency 
analyses; random noise shown is from same tape as Fig. 3 
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Pable Vibration data for Sleds No. 1 and 2 
i en Total rms ac- spectral den- 
Sled No.1 Location Direction celeration, g_ sities, g?/eps Range of peak, cps 
Average velocity 
480 to 1060 fps (accelerating) 

Base of gyro component support member ver tical © 0.03 20-200 

v) MS support member vertical 10-25 

700-800 
axial .03 100-150 
transverse 03 10-20 
an 1 600-800 
1130 fps (peaking) 
Base of gyro component support member vertical 3 100-200 
0.03 800-1500 
Sled No. 2 rn 
1060 fps (decelerating) 
Electronics package support member vertical 1 80-120 
> i 3 60-120 
1 1000-1300 
transverse 7-12 
100-150 
1000-1700 
vertical 1 80-150 
1 1500-1800 
axial | 40-450 
| 600-900 
al 1500-1750 
| 7-15 
1 150-200 
1500-1750 
Data for for deceleration. 
Pak? 


the rear of the nose section and (b) the front end of the longi- 
tudinal member supporting the velocity measuring system 
telepack. In Sled No. 2 the points were at (a) the top of the 
central ring structure and (b) the sled frame end of one of the 
members supporting a dummy electronics package. The 
latter two locations are illustrated in Fig. 5 at points R and Q 
respectively. The mounting arrangement of each group of 
three accelerometers on its block may also be seen.in the 
photograph. 


Fig. 5 View of the nose section of Sled No. 2 showing acceler- 
ometer locations 
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The data are believed to be spectrally significant to fre- 
quencies of about 1000 cps. From 1000 to 2000 cps, spectral 
details are probably influenced by minor resonances of each 
block with its group of three accelerometers and by dynamic 
reactions of each block on adjacent structures.* 


Conclusions 


The following conclusions have been drawn from the 
data obtained: 

1 Nose section vibration was generally random in nature 
and evidently due to excitation of numerous structural modes 
caused by track constraints and aerodynamic effects. The 
engine contributed relatively little vibration directly, at least 
for medium and high sled velocities. Water braking did not 
seem to be an important contributor to vibration. Thus, the 
vibration for a particular sled configuration was determined 
primarily by sled velocity. An exception to the random 
vibration was occasional sinusoidal vibration near 270 eps 
caused by the track “‘sleepers.’’ 

2 There was no particular starting shock, but rather a 
burst of oscillations which soon died down and (at high sled 
speed) was exceeded in amplitude by the intense continuous 
vibration which built up as sled speed increasell. 

3 Spectral features were usually quite consistent through- 
out a run. 


2 A number of spectral analyses of sled data were presented at 
the ARS Spring Meeting. These analyses may be obtained from 
the authors. 
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4 Spectral characteristics and intensity levels were rather 
closely reproduced from one sled run to the next. 

5 Sled No. 2 appeared to have vibration acceleration 
levels approximately twice those of Sled No. 1. 

6 There was only limited correlation between vibration 
characteristics measured in the three coordinate directions at a 


point. 


7 Vibration tended to be more intense in the vertical and 
transverse directions than in the axial direction; however, 
there were no consistent differences between the axes. , 


8 There was little spectral correspondence between vibra- 
tion characteristics measured at points several feet apart 
except at frequencies below about 40 cps. On the other hand, 
there were no very marked differences in general vibration 
intensity from position to position within a sled. 

9 The tabulation (Table 2) of order-of-magnitude power 
spectral density levels may be regarded as representative of 
peak levels encountered for 2-sec. intervals during the 
shake-down sled runs. Corresponding values for total rms 
acceleration over the frequency range 7—2000 cps are included. 


Precision Measurement of Supersonic Rocket Sled Velocity 


Path 


F, J. BEUTLER’ and L. L. RAUCH? 
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Preface with dependable recovery of test equipment in undamaged 


HE use of a supersonic rocket sled for testing components 

of all-inertial guidance systems is very attractive, but 

it implies a very precise measurement of sled velocity over a 

relatively wide frequency bandwidth. Typical figures are 
(0.1 fps velocity error and 100 eps bandwidth. 

Most sled tracks have a system of position markers furnish- 

ing time as a function of position during a run. 


with any practical combination of marker accuracy and 


spacing the desired velocity accuracy and bandwidth com-_ 
bination cannot be obtained, due to the emphasis of high- | 
frequency noise by the differentiation process and the fold-— 


over or aliasing of higher frequencies. 

On the other hand, the higher frequency components of 
velocity are easily obtained to the desired accuracy by inte- 
gration of the output of a sled-borne accelerometer of moder- 
ate accuracy. Of course, the accuracy of the low-frequency 
components so obtained will be very poor. The desired 
velocity accuracy and bandwidth combination can be ob- 
tained by suitably combining the data from such an ac- 
celerometer with relatively infrequent track time and position 
data of practical accuracy. 

A method of combining track-coil and accelerometer data 
is proposed. The method combines computational simplicity 
with the required precision. A detailed error analysis of 
the method is presented in Part II of this paper (to be pub- 
lished in a forthcoming issue of Jer PROPULSION). 


Introduction 


The supersonic rocket sled is unique in its ability to pro- 
vide large linear accelerations of relatively long duration 
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This discrete | 


data can be differenced to obtain approximate velocity, but | 


condition. The use of such a sled for testing components of 
inertial guidance systems is very attractive for several reasons, 
but it implies a very precise measurement of sled velocity 
over a relatively wide frequency bandwidth, that is, the 
velocity must be accurately determined even during rapid 
changes. 


1 Ve Measurement 


_A test proposed for one inertial guidance system involves a 
maximum velocity in the neighborhood of 2000 fps. For the 
purposes of this test, it is desired that the track instrumenta- 
tion system be capable of measuring the velocity of the sled 
along the track to an accuracy of 0.1 fps or better. 

If we assume the velocity is being passed through a low- 
pass filter consisting of a second-order servo with error rate 
damping of 0.7 critical and natural frequency w,, then the 

maximum pierre error in velocity due to a discontinuous 


0.23 


On 


fps 


If we take 0.1 fps for the maximum velocity error and Aa = 
250 fps, the required natural frequency of the filter is 92 cps. 

At first sight it might appear that the above combined 
accuracy and bandwidth requirement would be very difficult 
to satisfy and that the possibility of getting along with a 
reduced requirement at the expense of more complex test 
procedures should be considered. However, it is shown be- 
low that the requirement is, in fact, not difficult to satisfy and 
so there is no strong reason to consider reducing the require- 
ment. Had it been impractical to satisfy the requirement, 
then velocity information over a reduced bandwidth could be 
obtained by subtracting the track instrumentation velocity 
from the guidance velocimeter output and passing the dif- 


ference through a pass sufficiently low cutoff 


frequency. 
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Fig. 1 RMS spectral density of velocity noise for (A) differen- 
tiated position, (B) integrated acceleration and (C) optimum 
combination of the two 


2 Use of Combined Position and Acceleration 
Data 


It is not practical to measure sled velocity directly. In- 
stead it can be obtained by differentiating the position vs 
time record or by integrating the acceleration (force) vs. 
time record. Time, position and force are all easy to measure 
directly, in contrast with the difficulty of measuring velocity 
directly (such as by the use of viscous or magnetic devices). 

Although velocity can be obtained from either position or 
acceleration data, the situation with respect to errors is quite 
different in the two cases. Any measurement system will 
have random errors associated with it equivalent to noise in a 
communication system. In most position measurement sys- 
tems, including track coil and similar sled position schemes, 
the noise has a fairly constant spectral density up to some 
limiting frequency. Thus, when the position information is 
differentiated to obtain velocity, the rms noise spectrum is 
multiplied by the angular frequency (emphasized _at 6 db per 
octave) so that the velocity noise spectrum appears as curve A 
in Fig. 1. On the other hand, in acceleration measurement 
systems the noise spectral density is likewise fairly constant 
up to some limiting frequency with perhaps some rise at very 
low frequencies. Thus when the acceleration information is 
integrated to obtain velocity, the rms noise spectrum is 
divided by the angular frequency (de-emphasized at 6 db per 
octave) so that the velocity noise spectrum appears as curve B 
in Fig. 1. Clearly the best results are obtained by using dif- 
ferentiated position data for the low frequency components of 
velocity and integrated acceleration data for the high fre- 
quency components of velocity. More precisely, the two 
data are combined by a frequency-dependent weighted mean 
to give the noise spectral density indicated by curve C of Fig. 
1. This will be treated in greater detail in Section 4 and in 
Part II of this paper.* 


3 Differentiation of Discrete Position Data 


The position vs. time data obtained from a track-coil or 
similar system is discrete with equal increments of position. 
However, it will become apparent that it is valid to carry out 
the analysis on the basis of assumed equal increments of time 
provided these are not less than the largest of the actual incre- 
ments of time. In other words, the analysis is valid for sled 


’“Precision Measurement of Supersonic Rocket Sled Velocity 
Part II’ is to be published in a forthcoming issue of Jer 
Proputstion. This paper will be referred to as Part II. 
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as an actu 
- when the data are analyzed after the test. 


velocities greater than the critical value corresponding to the 
assumed equal increments of time. 
Let x(t) be the sled position as a function of time and let h 


me be the equal increments of time. Then the actual discrete 
available are 


x, = x(nh), 


ap 


It is not possible to compute an exact derivative from these 
discrete data, but a simple approximation for the velocity is 


where the subscript n on v indicates that the discrete velocity 
approximation is the average value over the interval from 
x,-; to x,. If the actual velocity is changing linearly with 
time, then v, is the actual value at the center of the interval. 
In other words, a time delay of //2 is introduced by the ap- 
proximate velocity calculation. We shall not view a time 
al error since it is easily taken into account 
In case the veloc- 
ity is not changing linearly with time, there will be an error 
in velocity magnitude in addition to that caused by the time 
delay. In terms of the frequency domain, it is instructive to 
analyze this error in two parts. The first part is due to the 
simple filtering action of the discrete differentiation approxi- 
mation defined by Equation [2]. The second part of the 
error is due to the foldover or aliasing of the higher frequency 
components to lower frequencies by the sampling process. 
We can better understand the first part of the discrete dif- 
ferentiation error by introducing the concept of the equivalent 
continuous filter for the simple example of the discrete dif- 
ferentiating filter defined by [2]. The equivalent continuous 
filter is defined by 


r(t ) — a(t —h) 


to give 


) 
Now the discrete velocity 
approximation v, ean be obtained from v(t) by 


This operates on the continuous function of time .c(¢ 
the continuous function v(t). 


[4] 


v, = v(nh), 


Thus the error in [2] can be obtained by first calculating the 
transfer function of [3] followed by an application of the 
sampling process defined by [4]. 

The transfer function G(w) of the equivalent continuous 
filter described by [3] is given by 


h h/2 
where 7 = — 1. Now the transfer function for an ideal dif- 


ferentiator is we'™/7, so it is clear from [5] that, aside from the 
time delay 4/2, the magnitude of the error transfer function 
Gw) of the approximation differentiation is 


sin (hw/2) 


h/2 


PROPULSION 


RA 
4 
“4 
» 
- 
: 
v [3] 
> 
~ 
= 
5 
int 
| 
£55 
re a 


Now the power spectrum of the error due to the approxi- 
mate differentiation by the equivalent continuous filter is just 
the product of |@.(w)|* with the power spectrum y,(w) of the 
position signal x(t), and the total mean square value of this 
error is given by 


(e),, = [7] 
0 


where w, is the highest frequency in ,(w). 

If we now return to the discrete data by sampling the filter 
output in accordance with [4], the mean square value of the 
error in the samples will be the same as that in the continuous 
filter output provided there is no correlation between the 
sumpling process and the and there is 
none. 

In our special example for G(w) given by [5], there are no 
parameters to be optimized for minimum error once the 
sxmpling time increment / is given. However, in the general 
case where the velocity is computed from n + 1 equally 
spaced samples of position, the transfer function equivalent to 
{| becomes 


n 


(8 | 
1=0 


where the weighting parameters W, may be varied to mini- 
mize [7]. If w.< h/zm, then the differentiation error [7] can 
be made arbitrarily small by taking n sufficiently large. _How- 
ever, if ¥,(w) contains components with frequencies equal to 
or greater than half the sampling rate 1/h, part of these will 
he passed by the equivalent continuous filter and then 
sampled. The sampling of these higher frequencies immedi- 
ately introduces the foldover or aliasing effect whereby the 
samples from a higher frequency component w > m/h are 
identical with the samples that would have come from a lower 
frequency component w, <m/h given by 


®, = min | w — mm/h |. [9] 
m 


where m runs over the positiv e integers. — 

From the frequency domain point of view this ambiguity 
can only be viewed as an error in the low frequency com- 
ponents of the discretely differentiated data. This frequency 
ambiguity, of course, exists in the discrete position data before 
any attempt at differentiation. Although this foldover or 
aliasing error has a mean square value lel, which can be 

caleulated(1)4 from W,(w) and G(w), we shall not pursue this 

because, in accordance Poy Part II, it is possible to use the 
high frequency components from the integrated accelerometer 
data to eliminate the foldover or aliasing error in the track-coil 
data. 

Leaving aside the foldover or aliasing effect, the error [7] is 
not the total error but only that part of the error due to the 
distortion of the noise-free signal by the approximate differen- 
tiation. The remaining part of the error is due to the noise® 
passed by the differentiating filter. If the spectrum of the 
noise is W,,(w), then the mean square error due to the noise is 


= G’w)? dw 


‘ Numbers in parentheses indicate References at end of paper. 

> The term ‘noise’ as used herein refers to errors in position 
measurements (resulting from inexact location of the track 
markers and flexure of the sled magnet support) and errors in 
time-interval measurements. In the analysis these are identical 
with noise as defined in communication theory. 
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Fig. 2 Block diagram of error computational process 


The approximate differentiation filter will be optimized when 
G(w) (and therefore G,(w)) is adjusted to minimize the sum of 
Equations [7 and 10]. Of course, in adjusting G(w) there will 
be certain constraints to be satisfied such as the value of the 
increment A and the number n of signal sample pairs available. 
With / and w, fixed, it is found that, as the number of samples 
(length of memory) available to the optimum discrete filter is 
increased, the error at first decreases rapidly and then ap- 
proaches a limiting value. As the number of samples be- 
comes large, the performance of the filter approaches that of 
the optimum Wiener infinite memory filter. A block diagram 
of the error computational process just described is given in 
Fig. 2. The time delay following the ideal differentiator is to 
remove the error due to the time delay in the approximate 
differentiator. 

In Part II the differentiation of track position data is 
analyzed along the lines of the theory just discussed, and it 
it shown that, even with optimum velocity filtering and 
neglecting the foldover or aliasing error, no practical com- 
bination of track-position-marker parameters will come close 
to satisfying the velocity requirement of 0.1-fps maximum 
error and 100-cps bandwidth. 

A little thought will show that operation of a continuous- 
wave Doppler radar system is equivalent to establishing an 
equally spaced set of track-position markers. The spacing is 
half a wave length at the radio frequency used (distance be- 
tween zeros of the interference between local and reflected 
signals). The accuracy of marker location is determined by a 
number of things, including accuracy of radio frequency, 
signal-to-noise ratio, ground reflection, etc. In the usual 
Doppler radar there must be a differentiation of position (phase 
of Doppler signal) to obtain velocity (frequency of Doppler 
signal). This differentiation actually involves the same 
considerations just discussed for a physical track-marker sys- 
tem. 

It is possible that the closer marker spacing, and possibly im- 
proved position accuracy provided by the Doppler radar would 
permit our velocity requirement to be satisfied. However 
as pointed out in the next section, the combination of position 
data from a practical system of physical track-position markers 
with sled acceleration data will also satisfy our velocity 
requirement. 


4 Optimum Combination of Position and 7 
Acceleration Data 
Let us now return to the situation described by Fig. 1 in 
which we wish to obtain a frequency-dependent weighted 
mean of the velocities obtained from differentiation of posi- 
tion and integration of acceleration. This must be done by 
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the two filters Y; and Y2 as shown in the block diagram of 
Fig. 3. Using the optimization concept previously discussed, 
the two filters are chosen with amplitude vs. frequency 
characteristics to minimize the sum of the mean square errors 
resulting from distortion of the signal by the filters and noise 
passed by the filters. It is not possible to realize filters with 
such amplitude vs. frequency characteristics unless accom- 
panied by certain time-delay characteristics; that is, in order 
to compute the present data output the filter must have 
future data input. In the measurement of sled velocity this 
is easily carried out, since the data for an entire run is available 
before the velocity filtering computation starts. 

In the sled velocity measurement problem the noise is very 
small relative to the signal. In this case a very close-to-opti- 
mum result is obtained by requiring that the error due to dis- 
tortion of the signal by the filters be zero and then adjusting 
for minimum noise error. This procedure is carried out in 
Part II where a composite velocity error is obtained based 
on assumed position and acceleration errors. This result 
forms a greatest lower bound for any method of combining 
the track and accelerometer velocity data. The result shows 
that the requirement of the first section can be met with 
available track-position systems and accelerometers. 


5 A Simple Computational Procedure for Ob- 
taining Velocity from Position and Acceleration 
Data 


The computational procedures equivalent to a truly opti- 
mum filter system, as analyzed in Part II, may be quite ex- 


* Under this condition the data combination can be accom- 
with the filter as shown in 4. 


Measured 
Velocity 


‘Block diagram illustrating combination of Sevusien and 
acceleration data 
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Fig.4 Block diagram of data combination operation with no dis- 
tortion of signal 


tensive while those required for a close-to-optimum system 
may be very simple. In addition, Part II describes and 
analyzes in detail a close-to-optimum system which because 
of its simple computational requirements should be most prac- 
tical for reducing sled-test position and acceleration data to 
velocity. 

The system is carried out in two steps. In the first the 
doubly integrated accelerometer data are compared with 
track-position data at three points to obtain corrections for 
the average zero-set and scale-factor errors of the accelerom- 
eter during the track run. The corrected accelerometer data 
are then integrated once to obtain a “first corrected’’ velocity. 
In the second step the average value of this first-corrected 
velocity from the accelerometer is compared with the average 
velocity determined by the differenced track time-position 
data over suitable intervals. This is used to obtain step cor- 
rections which are added to the first-corrected velocity to pro- 
vide a “second corrected’ velocity. 

The analysis shows that, under reasonable assumptions and 
conditions, the second corrected velocity meets the require- 
ment of Section 2. A comparison of this system with the 
optimum method of Part that the system is indeed 


close to optimum. 
® 


6 Location of Measurements on Sled 


Since the sled is not rigidly coupled to the track, it is ex- 
pected that there can be appreciable velocity differences 
(relative to 0.1 fps) between various parts of the sled and also 
across vibration isolation mounts on which the inertial equip- 
ment may be installed. Of course, the point where the veloc- 
ity measurement is desired is at the mounting of the inertial 
equipment under test. Very likely the sled-borne instrumen- 
tation accelerometer can be mounted at this point, but sled 


- position would normally be measured at some other location. 
In this case it would be necessary to measure the relative dis- 
_ placement between the desired point of velocity measurement 


and the location where the sled position measurement is made. 


7 Velocity Measurement System Analysis and 
Simulation 


The analysis and simulation program which has yielded the 
results described above constitutes Part II of this paper, and 
will appear in a forthcoming issue of Jar PROPULSION. 

The analysis of Part II may be conveniently divided into 
three sections: 

1 It is demonstrated that any practical system of provid- 
ing discrete position data is inadequate for determining the 


velocity with sufficient accuracy and bandwidth. 


2 Optimum methods of combining acceleration and posi- 
tion data are studied. A lower bound is established on the 


_ velocity error under assumptions of stationarity. 


3 The procedure for combining acceleration and position 


data described in Section 5 is analyzed in detail. The equa- 


tions to be mechanized are presented, and a complete error 


analysis is performed. 
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Introduction 


NY sled test program for development and qualification 

of an aircraft escape system should encompass thorough 

evaluation of objective, test facility, test vehicle, instrumen- 
tation, test subjects and data. 


Objective 


NAA’s current escape system test program was planned and 
approved by the Air Force over a year before the first test 
run. The over-all objective in this program was to develop 
and prove an escape system for a high speed aircraft. One ob- 
jective was to test the individual elements of the system— 
canopies, seats, catapults, helmets, lap belts, flying suits and 
oxygen equipment—under the effects of ejection. All these 
items had to function properly under conditions which simu- 
late the flight envelope of theairplane. Previous research had 
indicated that in order to attenuate the damaging effects of 
thrusting an escape unit into a high speed, high density air- 
stream, the orientation of the escape unit must be controlled. 
Our principal objective was to demonstrate that the escape 
unit would provide protection to the crew member for es- 
cape from the airplane without injury, or with minimum in- 
jury at all speeds within the flight envelope of the airplane. 
This meant that all elements of the system must be tested to- 
gether, and under the environmental conditions of the air- 
plane. For instance, the ejection of the canopy must not 
cause injury to the crew member or even create a hazardous 
situation which might jeopardize the reliability of the re- 
mainder of the escape system. The pilot, or crew member, 
must retain his helmet, visor, clothing, survival gear, and oxy- 
gen system for protection and use during escape. Further, 
our primary objective must be accomplished within the time 
limitation set for qualification of the airplane. It would be 
desirable to qualify the escape system by the time the air- 
plane prototype flight tests are completed, but this must be 
done before delivery of the first airplane to the customer. 
There were secondary objectives, such as correlation of test 
results with other data, developing test techniques for securing 
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and recording the data, measuring the forces, accelerations, 
windblast pressures, velocities, trajectories and sound 
levels. 


Test Facility 


Most of our tests were performed at the Edwards AFB 
high speed track, which we found quite adequate for the ac- 
complishment of our objectives. 


Test Vehicle _ 

Our test vehicle (Fig. 1) was designed for 16 standard 2.2 
ks solid propellant rocket motors. Each motor has a thrust of 
11,000 lb for 2.2 sec. The maximum sled weight including the 
16 motor units was around 8000 lb at blast-off. The forward 
end of the test sled was identical to the airplane in contour. The 
canopy, cockpit, consoles, windscreen, seat and all escape 
mechanisms were duplicated in the sled. Canopy and seat 
ejection were initiated as the sled passed over screen boxes 
placed at predetermined positions along the rails. The 
screen boxes delivered electrical power to the cutter knives 
mounted beneath the sled. The electrical current picked up 
by the cutter knives fired squib activated thrusters which 
pulled the firing pins on canopy and seat catapult initiators. 
Standard AF initiators and catapults identical to the air- 
plane system were used throughout. 


Instrumentation 


The importance of reliable instrumentation can never be 
overemphasized—one good record is worth a thousand guesses. 
This applies to oscillograph as well as photographic rec- 
ords. In some of our tests, we used 24 channels of telemeter- 
ing supplied by three transmitters in the sled and one trans- 
mitter in the dummy. In addition, there were 38 high speed 
motion picture cameras, including five on the sled, used in 
each test. Even with all this carefully planned instrumenta- 
tion, we never felt that we had too much information. 

The telemetering channels were used for recording three 
axis acceleration in the head and torso of the dummy, dynamic 
windblast pressure in the dummy head, and 15 strain gage 
channels on the seat and canopy, plus sound pickup in the 
cockpit. 
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Fig. 1 Test vehicle 


Fig. 2 Guided catapult stroke—Trajectory comparison, M-3 
catapult, 200 Knots 
i 


Camera instrumentation consisted of 16 mm high speed mo- 
tion picture cameras and Hulcher cameras. Sled cameras were 
mounted as shown in Fig. 1, and placed so as to observe the 
operation of the escape system from just before the ejection 
until after the seat-dummy unit would have passed over the 
tail of the airplane. Sled-borne cameras were closest to the 
action, and had the least relative motion to the escape unit 
during ejection. After each test the film was flown to Los 
Angeles, developed, and viewed by project engineers and 
human factors specialists within 3 hours. This enabled de- 
signers and escape system specialists to evaluate the results of 
each test immediately, so that any indicated changes could be 
incorporated in the system before the next test. Hand- 
panned 70 mm Hulcher cameras with long focal length lenses 
were stationed 500 to 800 ft from the track opposite the tra- 
jectory area, to cover the ejection trajectories of both the 
canopy and the seat and dummy. MHulcher film was also 
quickly processed and enlarged prints were available for de- 
tail analysis in the evening following the test. In addition to 
the sled cameras and the Hulcher cameras, there were 19 
metric range cameras, 6 trackside cameras, and 8 hand- 
panned cameras, all 16 mm motion picture cameras, operated 
by Edwards AFB Photograph Branch. , 

The more than twenty ejection seat sled tests conducted by 
NAA during the past 17 months produced a number of inter- 
esting results: 

Seat Stabilization or Orientation. In our efforts to obtain the 
proper orientation of the seat-dummy unit as it was thrust into 
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the airstream, a number of stabilization methods which looked 
promising in wind tunnel tests were tried and compared in a 
sled test series. Our object was to orient the seat with the ver- 
tical axis approximately 65 deg aft of vertical, which placed 
the seat in the lowest drag but maximum lift attitude, while it 
placed the crew member ‘n the seat in a most favorable atti- 
tude for tolerating deceleration forces. In addition, the seat 
bottom provided protection for the occupant and _ personal 
equipment from direct windblast. 

In the first tests we employed a 29-in. conical FIST ribbon- 
type parachute attached to the back of the seat with long riser 
lines. The parachute was deployed by means of a gas oper- 
ated catapult as the seat was ejected. It soon became ap- 
parent that stabilization of an escape unit at supersonic speed 
involved a lot more than merely attaching a ribbon chute to a 
seat. There were parachute deployment problems, mechan- 


-__ jeal difficulties, and unforeseen secondary instability charac- 
teristics to be worked out. The single chute with the long 
riser lines did not seem to be the answer. Even if we could 
heel care of the deployment, mechanical and secondary in- 

a stability problems, at best this system would provide sta- 

_ bility along one axis only, and there was always the possibility 


of the long risers becoming entangled with the seat and man, 
particularly at low airspeed. Even though the tests showed 
that the single parachute did stabilize the seat in pitch, there 
was much yawing and rolling, and at low airspeeds the risers 
wrapped around the man. 

Therefore, we decided to try twin stabilizer chutes, of a 
much smaller ribbon type (10 in.), attached to the ends of arms 
deployed on each side of the seat near the top. There were 
several advantages to the twin chutes: They provided sta- 
bility along two axes, there were no risers to entangle the seat 
occupant, deployment was simple since the chutes were stored 
in the arms, positioning of the arms during the ejection took 
care of deployment simultaneously. Although wind tunnel 
tests of this configuration indicated that 14-in. parachute 
support arms were long enough, we found that the para- 
chutes became blanketed by the seat at high speed. Further 
sled tests proved that the support arms had to be extended to 
a length of 26 in., making the two support points for the para- 
chutes 72 in. apart. We also discovered that the parachutes 
had to be reefed at the skirt to prevent “squidding” at high 
speed. Thus we were able to arrive at the design parameters 
for a seat stabilizer system which will orient the seat-man 
unit effectively at both high and low airspeeds. 

Guided Catapult Stroke (Fig. 2). In upward ejection es- 
‘ape systems, the problem of tail clearance, of course, becomes 
more critical as the speeds increase. The higher velocities 
cause higher drag loads and increased negative lift on the seat. 
The higher drag loads cause greater seat rail friction, which, 
combined with the negative lift, decreases the ability of the 
catapult to produce the desired upward velocity. Thus, as 
the speed at ejection goes up, the velocity of the seat-man unit 
toward the tail increases, while the upward velocity decreases. 
Earlier studies indicated that to solve the problem of tail 
clearance at high speed, without either getting rid of the tail 
or finding a more powerful catapult, two things could be done: 
The rail friction could be reduced to a minimum and the cata- 
pult stroke could be fully guided. Telescoping rails and fric- 
tionless bearings in the seat rollers were incorporated in the 
system. These design concepts proved to be sound when 
tested. In subsequent ejections at much higher speeds we 
were able to obtain adequate tail clearances. 

Helmet and Oxygen Mask Retention. Apother inherent 
problem of escape is the retention of helmet and oxygen mask. 
Before final evaluation, new helmet and mask retainer designs 
were tested on a boom attached to a high speed sled in such 
a manner that the effects of the wind-blast could be observed 
by high speed cameras mounted inside the sled. After it was 
determined that the helmets and mask retention systems 
could withstand the free airstream at various angles of at- 
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tack, without either sustaining major damage or coming off 
the boom, several of the most promising designs were tested 
as part of the ejection seat tests by installing them on the 
dummy. It is noted here that the Protection Incorporated 
Toptex helmets with oxygen mask retainer and suspension 
system shown in Fig. 3 were successfully tested by ejection 
on dummies at airspeeds considerably in excess of 600 knots. 

Personal Equipment and Survival Gear. In the course of our 
tests a number of interesting deficiencies were uncovered. 
In sonic speed ejections it was discovered that the automa- 
tic-opening lap belt manual lock unlatched as the seat left 
the cockpit. In another test we discovered that mechanically 
operated timing devices may be subject to unreliable operation 
under g loads. We were unsuccessful in trying to use an F-1A 
timer as a sequencing device on an ejection seat. This timer 
may be adequate for the purpose of opening parachutes, but 
the clock escapement mechanism operates in an unpredictable 
manner when used for other purposes. In this case the timer 
was used for firing the lap belt opener initiator. Apparently 
g forces caused the timer to operate before the release cable 
was pulled, resulting in premature firing of the lap belt ini- 
tiator. 

Free Airstream Testing of Helmets. The Toptex helmet was 
mounted on a test sled boom so as to expose it to the free 
airstream at airspeeds slightly over Mach 1.0. This technique 
enabled us to measure the actual load on the hose with a Brin- 
nell tensiometer and thereby develop an oxygen hose retention 
system and prove out the ability of helmets and oxygen mask 
retainer systems to withstand airblasts during supersonic 
ejections. 

Cockpit Pressurization. By pressurizing the sled with a port- 
able low pressure pump, ground-stationed externally, and 
using a quick breakaway fitting, we could pressurize the cock- 
pit right up to the instant of rocket firing, thus eliminating the 
necessity for providing pressure storage bottles and reduction 
valves on the sled. This method resulted in a saving of nearly 
100 Ib. 

Stiffening of Dummy Joints. In all tests the dummy’s 
joints were stiffened to a standard set of torque values chosen 
to represent maximum values of a human subject under 
similar conditions. This enabled us to correlate information 
on limb movement in various test runs at different airspeeds. 

Three Axis Accelerometers in Head and Torso. Fig. 4 shows 
how the six accelerometers were installed in each ejected 
dummy. Fig. 5(a) presents an analysis of the data derived 
fromthe head-mounted accelerometers in tests of three different 
seat configurations. Configuration A was a seat with no con- 
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trol of aerodynamic pitching moment. Note the large rela- 
tive accelerations. Configuration B, shown with and without 
parachute, was a seat with single stabilizer chute, and Seat C 
incorporated twin stabilization parachutes on a more nearly 
optimum structural shape, producing effective orientation so 
that the slope of the acceleration vs. dynamic pressure curve is 
much more favorable. One test point for Configuration C 
with no parachute is also shown. Fig. 5(b) demonstrates the 
absence of additional total drag which may have been ex- 
pected by incorporation of the stabilizing parachutes. Ac- 
celerations at the center of gravity of the seat-man unit are 
actually lowered somewhat by proper orientation of the 
seat. 

Recerding Dynamic Pressure in Dummy Head. A probe was 
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connected to the Daytran absolute pressure transducer inside 
the dummy’s head. The dynamic pressure variations ex- 
perienced by the dummy head were transmitted by telemeter- 
ing in the dummy during the sled run, when the canopy was 
ejected, and throughout the ejection trajectory, and were re- 
corded on the oscillograph at the receiver station. A very 
‘ close correlation was observed between the theoretical dy- 
namic pressures encountered and the recorded pressures as the 
eke dummy was thrust into the airstream. It was also noted that 
the pressure readings varied directly with the head longitudi- 
nal accelerometer readings. 

Recording Cockpit Noise. Cockpit noise is a very important 
physiological factor about which we have insufficient data in 
the realm of supersonic speeds. An Altec microphone was 

3 installed just above the cockpit console to measure soun(| 
ACCELOUTION UNITS (RELATIVE levels throughout the range from 200 to 15,000 cycles. The 
(a) Maximum head ~ results thus far have shown that the noise level is too high tu 
get continuous records. For instance the microphone always 
goes off scale as soon as the canopy is ejected. 

Fastair Cameras on Sled. Until the Fastair camera. be- 
came available, the only high speed cameras which were rug- 
ged enough and reliable enough to operate under the high ac- 
celerations encountered were used for observing the ejection 
sequence, but they were large and heavy (20-34 lb). Th 
new 70 “G” Fastair weighs 9 lb and is more rugged. Without 
sacrificing reliability, we now have four cameras for the weight 
cost of one. 

Special Lightweight Battery. In powering our four sled 
cameras we were able to effect another big weight saving. The 
battery now used weighs 7 oz compared with 70 lb for a 28 

= volt lead-acid type. 
Hulcher Camera Technique. Although the use of the 
Sect wer 5S te (PG Hulcher camera for sled work is not new, we discovered that 
/ oe at speeds above 1000 fps with the cameraman 450 ft from the 
: : track, the angular tracking velocity was reduced to a value 
2 well within the capability of the human operator. The image 
SIE UTE: “yf, size was maintained by doubling the focal length of the lens to 
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20 in., and there was no apparent loss in definition. 
Special Tracking Devices for Cameras. A double camera 
installation was found practical and proved to be invaluable 
more than once. We could operate one camera at a high and 
the other at a low frame rate, or one camera with long focal 
length and the other with short, one camera with black and 
white and the other with color. In the event of failure of one 
camera, we got the picture with the other. A special sight and 
stock enable the cameraman to track unimpeded at maximum 
angular velocity which now exceeds 120 deg per sec. 
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Fig. o Graphical analyses of acceleration data 


The Development of RESCU' Mark 


HUGO F. MOHRLOCK Jr.’ 


gi -PACED development of today’s military aircraft striking regularity. This continual increase in the flight per- 
permits the breaking of speed and altitude records with formance envelope has aggravated the task of design engi- 
neers in providing an escape system for each new configura- 
[SSR tion. The problems associated with escape from these high 
Presented at the ARS Spring Meeting, Washington, ty C., performance aircraft may be categorized as: (a) Low level 


Rocket seat cai upward. ejection, (b) fin clearance, (c) tumbling (seat instability) and 
2 Design Group onenite nterceptor Cockpits. (d) windblast. 
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Low Level Ejection | 


Split seconds count when ejecting near the ground, and no 
time must be wasted in separating the occupant from the seat 
and deploying the personnel recovery parachute. Safe escape 
at or near the ground level fundamentally depends on the 
swiftness of parachute deployment and the height of seat 
trajectory. To meet this stringent time requirement, a com- 
pletely automatic system is used—a lap belt and shoulder 
harness which opens automatically 1 sec after seat ejection. 
Upon separation of the occupant from the seat, an aneroid 
timing device deploys the parachute in 1 sec if the occupant is 
below 15,000 ft. The total time consumed is a minimum of 3 
sec—I sec each for lap belt opening, seat-man separation and 
parachute deployment. If the seat is ejected at a velocity 
that does not permit slowing down to a safe parachute 
deployment speed within this time, the parachute may be 
damaged, resulting in fatal ground contact velocities. If time 
delays are increased, the extremely low altitude ejections will 
be fatal, because the man will hit the ground before parachute 
deployment. 

The answer to this dilemma lies in providing a seat trajec- 
tory sufficiently high to allow greater time delays between 
ejection, parachute deployment and ground contact. — 


Fin Clearance 


| As airspeeds continue to climb, the problem of raising the 
% scat-man mass to a sufficient height to clear the fin is one of 
s major concern to the escape engineer. Designers have, on 

occasion, sought to eliminate the fin clearance problem by the 

use of downward ejection seats. Operational experience (1) 
t indicates the majority of emergency ejections occur at ex- 
y tremely low altitudes. Since the ability to eject at ground 
> level is mandatory, the advantages of upward ejection should 
> be seriously considered before employing downward ejection. 
) If high seat trajectories are obtained to satisfy the low alti- 

tude ejection requirement, then fin clearance will not exist as a 


significant problem. To obtain high seat trajectories, high 
ejection velocities are inferred. 

| Tumbling (Seat Instability) 
Aerodynamically stable ejection seats are a must. A 


tumbling seat reduces the human occupant’s tolerance to 
accelerations induced by windlbast. If violent enough, 
tumbling alone can produce loadings on the occupant that are 
beyond human tolerances. It is safe to state that any tend- 
ency for the seat to tumble or gyrate in any direction will 
reduce the maximum speed for safe ejection. Not only must 
the seat be stable in free flight, it must also be launched into 
the airstream in its trim position without residual rotational 
velocities (rotational kinetic energy). These requirements 


are paramount for a satisfactory free flight. mi ty 
Windblast 


As the ejection seat enters the free airstream surrounding 
the aircraft, the occupant is immediately subjected to forces 
generated by this moving air. The greatest of these forces is 
drag, which acts parallel to the airstream, decelerating the 
seat-man mass immediately upon separation from the air- 
eraft. Fig. 1 indicates the magnitude of the peak, or initial 
drag force, imposed on conventional seat configurations at 
sea level airspeeds up to 1000 knots. It is noted that a seat 
of average configuration ejected at 600 knots would sustain an 
initial deceleration of about 38 g. The seat-man mass would — 
immediately start losing forward velocity. Drag would also 


’ Numbers in parentheses indicate References at end of paper. 
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reduce. The decay of this drag force, with respect to time, is 


shown in Fig. 2. Note that as altitude is increased, the time 
duration of the deceleration is also increased. This is ac- 
counted for by the fact that the initial velocity of the seat 
must be greater in the lighter air at higher altitude, if the 
initial air loading of 38 g is to remain. At these greater 
velocities, the seat possesses more kinetic energy and requires 
greater time for the energy to be dissipated. Superimposed 
on these curves are human tolerances to transverse decelera- 
tion as defined by Goodrich (2). 

If the ejection seat is aerodynamically stable, this drag 
force is the primary concern in establishing maximum speed 
for safe escape. If the seat tumbles, however, then human 
tolerance to drag forces is reduced, and the seat suffers a great 
loss in its safe speed capabilities. 

A second effect of windblast is commonly termed erosion. 
Erosion is the result of the local action of windblast on the 
occupant, inflicting such damage as arm and leg flailing, loss of 
helmet, torn clothing, face lacerations, tearing and premature 
opening of the parachute pack, plus a host of others. 

Windblast erosion can be reduced by protecting the occu- 
pant from full airstream pressures with strategically located 
windshields, as well as improved personnel flying clothes. 

With the exception of windblast erosion, it will be shown 
that the use of rocket propulsion on an upward ejection seat is 
an aid in solving the previously discussed problem areas. 


Rocket Propulsion for the Ejection Seat 


_— use of rocket propulsion on an ejection seat was first 


discussed by the author with Lt. Col. John P. Stapp, Chief of 
1029 
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the Aero Medical Field Laboratories, Holloman Air asia 
ment Center, N. Mex., in November 1954. At that time 
rocket power was proposed for use in a horizontal direction to 
reduce the deceleration, or drag forces, to a tolerable level. 
Vertical velocities were to be obtained by conventional cart- 
ridge catapult. It was largely due to the encouragement of 
Lt. Col. Stapp that the concept was pursued further by 
Convair. 


the shorter stroke M-5 catapult. 


Cartridge Catapults 


Past attempts by designers to obtain increased ejection 
velocities had centered around cartridge catapults limited to 
vertical accelerations of 20 g, applied at a maximum rate of 
250 g per sec. With such thrust limitations, the designers 
concluded that increased ejection velocities could best be 
obtained by the use of telescoping pistons in a cartridge- 
powered catapult. James Martin, managing director, Mar- 
tin-Baker Aircraft Co., Ltd., said in a 1955 lecture before the 
Isle of Wight Branch of the Royal Aeronautical Society: 
“To obtain a high ejection velocity with an acceptable pres- 
sure curve, there is no substitute for stroke”’ (3). 

The USAF catapult type M-3 has a rated ejection velocity 
of 80 fps at the end of 88 in. of stroke. In most instances 
such an ejection velocity would provide satisfactory fin clear- 
ance in today’s fighter aircraft at speeds where the pilot could 
survive the windblast. While making a theoretical analysis of 
seat trajectories in the summer of 1954, it became evident that 
these high velocities could be approached only if the aircraft 
— be equipped with ejection rails that provided guided 

eat travel for the entire catapult stroke. In a fighter-type 


aircraft, 88 in. of guided seat travel is quite beyond realiza- 


tion without a tremendous weight penalty to the aircraft. In 
the present generation fighter aircraft, there is probably none 
that provides more than 40 to 45 in. of guided seat travel. 

Fig. 3 illustrates the trajectory of an ejection seat pro- 
pelled by an M-3 catapult at 600 knots (sea level). If the 
catapult is restrained at the lower end so that it does not 
pivot about the mounting trunnion, the piston will bend (see 
Fig. 4) at speeds sufficiently high to be of concern for fin 
clearance. This bending of the piston causes severe binding 
and reduces the final ejection velocity. 

Fig. 5 illustrates the relative performance of the M-3 and 
It will be noted that at 
strokes of 40 to 45 in., the ejection velocities are approximately 
the same. By comparing Fig. 3 and Fig. 5, it will be seen 
that the vertical velocity is no greater at 88 in. of stroke than 
at 40 in. In comparing the weights of the two catapults, it 
is found that the M-5 weighs 8.2 lb and the M-3 24.9 lb. The 
additional 4 fps ejection velocity is obtained at a cost of 16.7 
Ib (200 per cent weight increase). From September 1955 to 
January 1956, eight ejections were made from an F-102A nose 
section mounted on a sled at speeds from Mach 0.30 to 0.99, on 
the USAF experimental track operated by the Air Research 
and Development Command at Edwards AFB, Calif. Both 
M-3 and M-5 catapults were tested and verified the need for 
improved catapults (4). Catapult piston bending was as 
expected (see Fig. 6). 


Short Stroke Cartridge Catapult 


From the analysis made in the summer of 1954, it was con- 
cluded that if cartridge catapults were to be used, they must 
be limited to strokes of no more than 45 in. for fighter aircraft, 
if the ejection seat was to be properly launched. This meant 
the thrust values must be increased, and the occupant pro- 
vided with protection from this increased vertical accelera- 
tion. For this task, the able assistance of W. H. Reineking of 
the Human Engineering Group, Convair (San Diego), was 
obtained in November and December of 1954. | The result was 
fabrication of several test torso harness vests. 

The function of the torso harness is illustrated in Fig. 7 
When ejecting the seat-man with accelerations greater than 
20 g, the major problem is the compressing force the human 
upper torso imposes on the lower thoracic vertebra, or upper 
lumbar vertebra. This force (above 20 g) overloads the 
vertebral column and pelvic area to the point of skeletal dam- 
age. Under vertical accelerations, a significant percentage of 
the inertia force of the upper torso mass is carried by the 
torso harness, thus relieving compressive loads from the 
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lower spine. If the spine were not loaded any greater than 20 — 
times the torso weight, it was concluded that the seat occupant cone 
could be safely accelerated vertically at 30g. These findings 
were brought to the attention of the Aero Medical Lab, 
Wright Air Development Center, in the summer of 1956. 
Beginning in October 1955, exploratory tests (5) were con- uy 
ducted by Convair with anthropomorphic dummies and a 
human subjects. These tests determined the total load the ray 
upper torso imposes on the vertebral column with and without S 
the torso harness. Typical results are shown in Figs. 8 and 9. 2 
The feasibility of such a garment was sufficiently demon- 9 
strated by these tests to warrant further study and develop- 
ment. Convair has proposed that such a program be con- _ 
ducted, with the aid and guidance of the Aero Medical Labora- - : 
tory, WADC. 
a. he torso harness holds great possibilities in future seats for — 
both crash protection and increased thrust catapults. If the | 
torso support features are combined with the Navy integrated | 
harness, developed by Douglas, the seat-man harnessing will 
be tremendously improved. It was evident, however, after 
the Convair tests of the torso harness, that the development of 
such a garment, coupled with the necessary sizing and 
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ig. 8 Induced pelvic and spinal loads with and without upper 
torso harness 


standardization programs, would require considerable ANTHROPOMORPHIC TEST DUMALY: UPPER TORSO TOIAL 
length of time. Attention was then focused on methods of — = 
catapulting the seat to greater velocity without exceeding 20— eon 


g. The study culminated with the rocket catapult. 

lig. 10 shows early theoretical performance requirements of 
the short stroke cartridge catapult, as well as the RESCU, 
Mark I. The RESCU will provide the desired ejection veloc- 
ity without exceeding the present human limitation on thrust 
of 20 g. This is possible because extended stroke is utilized. 
This prineiple is in agreement with the observation of James 
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Fig. 10 Required catapult force-stroke 


M: artin that “the re is no substitute for stroke.” The initial 
40-in. stroke of RESCU still is accomplished by conventional 
cartridge actuation. As the piston approaches the end of the 
cylinder, the rocket motor is ignited; The canted nozzle of 
the rocket causes the thrust vector to pass through the center 
of gravity and provides both horizontal and vertical thrust to 
Fig. 7 Function of the torso harness - the seat after separation from the aircraft. 
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Two seats and dummies, located side by side, were installed 
in the test nose section as shown in Fig. 11. One seat was 
equipped with an M-3 catapult, and the other with the RESCU 
for direct trajectory comparison. The RESCU-powered seat 
was fired slightly prior to the M-3, so that effects of the rocket 
blast on the other dummy could be recorded. Comparative 
trajectories of the two catapults for two of these sled runs are 
shown in Figs. 12 and 13. 

Fig. 14 illustrates the major components of the RESCU. 
The firing pin A is actuated by gases entering port B. These 
gases are generated from an initiator fired by the seat trigger 
mechanism. The firing pin is driven into the primer cap and 
ignites the cartridge grain C. As gases from the burning 
cartridge fill the catapult chamber D, the unlocking piston i 
is moved down permitting the lock fingers F to release the 
catapult piston G from the cylinder H. The gas pressure 
then propels the piston up and out of the cylinder. As the 
base of the piston approaches the end of the cylinder, an inte’- 
ference fit I decelerates the piston head J to a stop. The 

Fig. 11 Seats and dummies installed in test nose inertia forces of the piston shear the flange head 
ay ignition plug K. Removal of the ignition plug allows gasvs 
from the catapult chamber to enter the rocket tube, igniting 
the rocket grain L. The rocket gases are vented through the 
canted nozzle M. 
Pe The firings of the RESCU, Mark I, from the TF-102A cab 
(COMvAin SPEC Bo9332 at speeds ranging from Mach 0.30 to 0.98 indicate that the 
VERTICAL DISTANCE ENGINEERING CO. single piston and canted nozzle arrangement offer improve- 
“FEET | a7 ments in the four major problem areas previously discussed: 
ir ae Low Altitude Ejections. Because of the greater time of 
oraae Te thrust (increased stroke), the vertical ejection velocity is in- 
eae + creased. This provides increased height of seat trajectory 
A dee essential for low altitude, high speed ejections. 
G.F.P., (FRANKFORD Fin Clearance. The increased vertical velocity also will 
permit fin clearances at greater airspeeds. 

Tumbling. The relatively short piston permits catapult 
separation before the seat leaves the aircraft rails. Such a 
condition results in a minimum of eccentric loadings on the 
seat as it leaves the aircraft. With the rocket thrust vector 
acting through the seat-man center of gravity after seat-air- 
craft separation, the added thrust impulse does not produce 

Fig. 12 Trajectories of the two catapults for two sled runs Windblast. The horizontal thrust vector of the canted 


: ee - nozzle subtracts 15 g from the magnitude of the peak wind 
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Fig. 13 Trajectories of the two catapults for two sled runs 


Development and Testing 


Pe Preliminary design performance requirements of the rocket 
catapult were submitted to WADC in January 1956. In 
April 1956, Taleo Engineering Co., Hamden, Conn., was 
directed by Convair to proceed with the design and fabrication 
of test lots of the catapult. Slightly less than six months 
later, on Oct. 4, 1956, the first firing of RESCU, Mark I, was 
made from the nose section of a Convair TF-102A travelingat 
a speed of Mach 0.30 on the Edwards AFB experimental track. : ig. Major components of RESCU Mark 1 
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Fig. 15 Magnitude and direction of peak air load — 


blust deceleration. This reduction in peak deceleration costs 

time, and the occupant will be subjected to the effects of wind- 

blast erosion for a greater time period. 


as Future Designs 


rill Much work remains to be done to develop the ultimate per- 

formance of ejection seats. Windblast erosion protection 
ult must be provided by design improvements in the personal 
a equipment and the seat structure. Seats of lower drag con- 
he figurations must be developed, and the optimum attitude of 
or the seat upon ejection must be investigated. Fig. 15 indi- 
ir- cates that even seats of current high drag configuration may be 
ce ejected at angles of attack (a) of +50 or —140 deg at a 

supersonic speed of Mach 1.10 (sea level) without imposing 
ed excessive peak g on the occupant (6-9). If these features are 
d- combined with higher thrust rockets, the maximum speed for 


safe ejection may be greatly increased. Higher thrust rockets 
are conceivable when the torso harness is used. 
Every effort must be made to provide safe escape for air- 
craft with speeds in excess of human tolerances using ejection 
seats, which must be made to serve until a suitable escape 
capsule is developed. The capsule is still some distance in the 
future. Obvious advantages exist in the use of a capsule at 


extreme altitude, but stabilization and ground level ejection 
capabilities have not yet been sufficiently developed. 

In September 1956, the Air Research and Development 
Command requested the major aircraft companies having 
contracts with the Air Force to jointly develop an increased 
performance ejection seat for all ‘century series” fighter air- 
craft. This move received the wholehearted support of the 
aircraft industry, and on Oct. 9, 1956, the Industry Crew 
Escape System Committee (ICESC) was formed. The com- 
mittee is composed of 14 major aircraft companies: Aircraft 
Mechanics, Inec., Colorado Springs, Colo.; Boeing Airplane 
Co., Seattle, Wash., and Wichita, Kans.; Convair Div. of 
General Dynamics Corp., Fort Worth, Tex., and San Diego, 
Calif.; Lockheed Aircraft Corp., Burbank, Calif., and 
Marietta, Ga.; The Martin Co., Baltimore, Md.; McDonnell 
Aircraft Corp., St. Louis, Mo.; North American Aviation, 
Inc., Los Angeles, Calif.; Northrop Aviation Co., Hawthorne, 
Calif.; Republic Aviation Corp., Farmingdale, N. Y.; Stanley 
Aviation Corp., Denver, Colo.; Weber Aircraft Corp., Bur- 
bank, Calif. 

These companies are exerting concerted effort to develop in 
the shortest possible time an ejection seat system capable of 
safely ejecting an air crew man at supersonic speeds. The 
author sincerely believes the development of the RESCU unit 
will prove to be of significant value to the ICESC in the ac- 
complishment of its task. 
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_ problem requiring understanding and solution. 


Rain of Missile Radomes 


Mach 2.0 Track Test Vehicle 


Historical Background 

INCE the advent of high speed aircraft and missiles, the 
damage to radomes and other parts from rain has become 
Anticipat- 
ing that this problem would become more important with 
increases in flight velocity, the materials laboratory of WADC 
sponsored a study of rain erosion testing techniques. One 
part of this study was undertaken by the Convair thermo- 
dynamics laboratories in 1952 and has continued since that 
time. A small group of engineers, under the direction of 
W. L. Dittmann, has been obtaining data on rain damage to 
radomes and radome materials at ever-increasing flight veloci- 
ties. A large part of their task is to find methods that will 
accelerate the sample materials to high velocity without 
damage and with high probability of intact recovery. 

The first supersonic testing of materials was accomplished 
with a 20-mm aircraft cannon. Test specimens were mounted 
in the nose of a modified projectile and fired horizontally 
through 500 ft of simulated rainfall. Upon firing, a tracer 
element in the projectile was ignited and burned approxi- 
mately 2 sec. A black powder charge then expelled the test 
specimen and parachute. The parachute checked the for- 
ward velocity of the test specimen within 10: ft and intact 
recovery was made. Speeds up to Mach 3.0 have thus been 
obtained. More recently, a 57-mm cannon was obtained. 
This increased the size of the test specimen to 2-in. diam. 

Data obtained from these studies show that erosion dam- 
age is a function of velocity, shape, material, water drop size 
and the distance the water drop must travel in the flow field 
aft of a shock. Thus, erosion damage obtained on an object 
with a 2-in. base diam will only simulate the damage to an 
equivalent nose portion of a corresponding larger specimen. 
The only method of obtaining quantitative results of rain 
damage to the total surface of a shape of much larger diam- 
eter is to test full scale. This was done by mounting full- 
scale radomes on a rocket sled and firing — a simulated 

rainfall. 


The design of a Mach 2 rocket sled was undertaken by the 
Convair thermodynamics laboratory. The requirements 
establishing design criteria for the vehicle were: 

1 Peak velocity should be Mach 2. This velocity was 
chosen so that correlation could be made with the ballistics 
studies. 

2 Test specimens should be radomes of approximately 
30-in. diam and weigh 100 Ib. 


Presented at the ARS Spring Meeting, Waskingion, D. C., 
April 4-6, 1957. 
Project Engineer. 


2 Senior Engineer. Thermodynamics Laboratory. 
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in which rockets are or be limited 
+30 g. This limitation was imposed by the solid propellant 
in the available rockets. 

4 Peak velocity of the test vehicle should be obtained 
within 4600 ft. This was the approximate center of the 
rainfall range installed at the AFFTC track for the original 
sled. 

5 The test vehicle should be stopped by means of a water 
brake beginning at 8200 and extending to 10,000 ft. 

The first step in the design procedure was a study of con- 
figurations that would most likely fulfill the test require- 
ments with consideration given to aerodynamic conditions 
and Edwards AFB track requirements. 

From the failure of the first high speed sled, it was obvious 
that at high speeds the choking of flow under any area at 
track level gave rise to large lifting loads. This, then, would 
require the primary structure of the sled to be open or the 
structure at track level to have minimum horizontal dimen- 
sions. 

Since track rails at the AFFTC are not continuous, rail 
joints exist every 39 ft. The length of the sled between 
slippers must not be a multiple of rail joint spacing. The 
sled must also be long enough so that slipper reactions result- 
ing from loads and moments acting on the sled are not exces- 
sive. 

Many configurations were studied but the aerodynamic 
advantage of seven rockets clustered behind the radome was 
chosen as presenting minimum drag area. The rockets 
available were Aerojet 2.2 KS of 11,000-Ib thrust and 2.2 sec 
burning time. Rocket diameter is approximately 11 in., 
length 52 in., loaded weight 265 lb and burn-out weight 122 
lb. This arrangement would make a compact power package 
of 77,000-lb thrust. 

With this configuration and the longitudinal acceleration 
limited to 30 g, the minimum structural weight of the sled 
could be determined. 


000 wt. + rocket wt. ) X 30 


0 =( 
77, ‘000 = (structure wt. + (7 X 265)) X 30 
Sled Design wt. = 701 lb 


Calculations based on this weight and an assumed drag 
curve showed that the required velocity could not be obtained 
without a pusher sled to provide initial acceleration. Step- 
by-step, velocity calculations were undertaken for pusher and 
sled combinations to determine the pusher weight and thrust 
that would accomplish the required initial acceleration. 
These calculations showed that a 300-Ib pusher vehicle with 
five rockets, 2.2 KS-11,000, would accelerate the test vehicle 
to 900 fps in 1000 ft. Light-off of the seven rockets on the 
test vehicle at this point would then accelerate it to 2134 fps 
(M 1.9) at station 4532. Water brake entry at station 8200 
would be at 800 fps. 

Since no test vehicle had operated at ground level at this 
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high Mach number and been recovered, little drag data were 
available. A conservative estimate of drag used in design 
was 63,000 Ib at M = 1.9. A lower drag would mean a higher 
peak Mach number, but also a high water brake entrance 
velocity. This was tolerable. 

The design problem now was to design the structure to the 
required weight and to withstand the loadings imposed. 

The Edwards AFB experimental track had suggested a 
minimum length of 11 ft for the sled, and later, at Convair’s 
request, allowed a 9-ft minimum. Since structural loadings 
would be high and the rocket blast would impinge on the aft 
structure, SAE 4130 Chrome-Moly steel was chosen for all 
primary members. 

Conventional rocket sled design would have resulted in a 
test vehicle of prohibitive weight. The water brake assem- 
blies of existing sleds weigh up to 350 Ib and conventional 
slipper weights are 50 lb per slipper. 

‘To utilize all members to full structural advantage, it was 
devided that the water brake should become a structural 
member and as lightweight as possible. This was accom- 
plished by integrating the water brake turning sections with 
the main and rear cross beams. The turning sections were 
}-in. wall 160 deg ducts of 6-in. OD. 

The scoop then became an integral part of the main beam. 
Since tubular sections were used in the water brake turning 
section, the design progressed to the use of 6-in. diam 0.187 in. 
wall tubes for the main frame beam and front crossbeam. A 
composite main frame beam was fabricated by splitting the 
tube and welding a shallow V-plate top and bottom. To 
conserve weight the tube was taper turned before splitting, 
reducing the section modulus to the design point. 

Water brake entry velocity up to 1000 fps was not con- 
sidered critical and loadings from water brake deceleration 
were less than acceleration or set-back loads. After the design 
length was shortened from 11 to 9 ft, the deflection of the 
main beam at the water scoop inlet was calculated to be 0.196 
in. and this was considered reasonable. A dynamic analysis of 
response to this loading was not made before the first run and 
we shall see that this was the most critical design point. 

Extensive stress analysis and much modification went into 
the structure containing the seven rockets and mounting the 
test specimen. The thrust load must accelerate the main 
frame on which it is mounted which is 75 per cent of the struc- 
ture weight. The drag distribution was such that 60-70 per 
cent of the total drag was felt by the lower structural mem- 
bers. Moments acting from suddenly applied loads when the 
rockets fired and at burnout must be transmitted to the main 
frame. The original skeletal pod structure was sheathed with 
aluminum shear panels to provide the necessary stiffness and 
strength. 

One serious load application was the interference lift of the 
radome. This lifting load was calculated to be 10,000 lb at 
Mach 2.0 with the radome an ogive 100 in. long. Serious 
consideration was given to pitching the radome axis down 
5 deg to counteract part of this lift load. Analysis of all the 
loads on the structure showed that the lift load with the radome 
axis horizontal reduced the resulting moments acting at 
critical sections but made the front slipper reactions higher 
which was more tolerable. 

Design loads used are illustrated in Fig. 1. 

Nearly all rocket sleds operating at the Edwards track use 
18-in.-long slippers which are pinned to the structure to allow 
articulation. The weight of such slipper assemblies is 50 lb 
each. For the Mach 2.0 sled it was felt that articulation of 
the slipper would be of no advantage since the slipper would 
not have time to respond to track irregularities. The weight 
saved by designing a fixed slipper was approximately 25 lb per 
slipper. 

Inserts are used in each slipper to provide a wearing surface 
that can be replaced after one or more runs. To date, the 
inost practical insert material has been Type 321 stainless 
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Fig. 1 


Design loads at peak velocity M = 2 


Fig. 2 Instrumentation installatio 


Fig. Pusher structure 


steel. Since little is known of friction at very high velocities, 
it was decided not to experiment with insert material but to 
use 321 stainless. It is our opinion, however, that much work 
should be done in determining how insert wear is related to 
velocity and specific pressure. 

The erosion testing of radomes did not require telemetered 
information from the rocket sled. Since it was decided to 
approach the maximum velocity in increments of M = 0.25 
starting at M = 1.25, instrumentation of the sled structure 
during these runs would check design points. After the 
Mach 2.0 velocity was attained, the instrumentation package 
could be removed to reduce weight. The simplicity of the 
structure left little room for a telemeter package but one was 
designed to fit into the 6-in. tube serving as the front cross- 
beam. This was an eight channel transmitter weighing 18 lb 


(see Fig. 2). 

The design of the pusher vehicle, illustrated in Fig. 3, was 
straightforward. A tubular structure using 2-in. SAE 4130 
tubes of 0.109-in. wall was the basic framework. The end 
frames were fabricated to mount the slippers with a center 
line distance between slippers of 60 in. 


Twelve-in.-long 
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Fig. 4 Vertical accelerometer trace located at radome center of 
gravity 


- rs were used because both the velocity and loa ings were 
relatively low. Originally the design called for two pusher 
contact points at the front slippers, but a check of loadings 
showed that the stress in the sled water brake tubes was 
marginal. A center pusher beam was added. This beam 
carried the thrust load of the pusher sled into the center tube, 
thus reducing the loading in the water brake tubes. 

Fabrication of this design was accomplished in the thermo- 
dynamics laboratory experimental shop and the completed 
test vehicle was shipped to the AFFTC high speed track in 
late January 1956. 

Prerun inspection and design checks at the AFFTC re- 
vealed necessity for strengthening rocket retainer lugs. This 
work was ac complished and within 90 days the test vehicle 
was operating at Mach 2.0. . 


Operat 


The operation of a supersonic vehicle on a high speed track 
presents many problems centered around these velocities. 
Some of these problems in order of their importance are (a) 
slipper insert wear, (b) water brake operation and (c) rocket 
ignition. 

It has been mentioned that fixed slippers were installed on 
the test vehicle at a considerable weight saving. This instal- 
lation presented a problem of slipper alignment with the rails. 
The track alignment was checked prior to the first test and 
found to be 0.10 in. out of alignment laterally thus negating 
the 0.060-in. slipper clearance on each side of the rail. The 
rails were then roughly realigned to provide proper clearance. 

In the original design of the slippers it was determined that 
}-in.-thick 321 stainless steel inserts would be satisfactory for 
operation. Later testing at high Mach numbers resulted in 
more than expected wear on the lip inserts because of the high 
lift loads, and indicated the requirement for thicker inserts. 
The slipper sides were then lengthened to allow clearance for 
3-in.-thick lip inserts to provide bearing material for a longer 
period of time. The wear on the other inserts in the slipper 
did not warrant using thicker inserts, and since weight was at 
a premium they were left unchanged. 

Although operation of the test vehicle at speeds of Mach 2 
and above caused extreme wear of the 321 stainless inserts 
used in the lips of the slippers (inserts being completely worn 
out), it was never felt that a definite danger existed in the 
accomplishment of the tests. 

Although no solution was found to provide more satisfac- 
tory inserts, much information was gained concerning insert 
wear. Flame patterns from insert “burning” could be seen 
extending over 9 ft behind the slippers. These flashes would 
almost completely disappear with the entry of the test vehicle 


Fig. 5 Test vehicle 


en Pee rain range. Analysis of this infor mation leads to the 
belief that the test vehicle is actually running on a molten 
layer of metal acting as a liquid lubricant. 

As mentioned, the most critical design part of the test 
vehicle was the main beam. Although this beam was suffi- 
ciently strong to withstand the applied loads, the problem lay 
in its flexture when these loads were applied in the water brake 
area. The design section of this paper states that the water 
brake inlet scoop was installed under the center portion of the 
main beam. When this scoop enters the water, the applied 
down load caused the beam to deflect downward; this in turn 
caused a higher braking load and consequently more decelera- 
tion. Under this high deceleration the large mass of the 
rocket package in the forward section of the vehicle caused the 
beam to deflect up. Thus, a high forcing function is developed, 
‘ausing a first bending mode resonant oscillation of the main 
beam structure. This can be seen from the trace of a vertical! 
accelerometer mounted at the center gravity of the radome 
(Fig. 4). 

Since these resonant vibrations caused a large movement 
(approximately 1 ft) at the end of the radome due to the 9-ft 
lever arm, several structural modifications were made in 
order to stiffen the main beam and reduce these oscillations. 
These modifications were (a) addition of a vertical stiffener 
down the top of the main beam from the rocket pod to the 
rear crossmember; (b) shortening of the gee by 2 ft and 
strengthening of the radome mounts; and (c) addition of 
stiffeners on the side of the water brake inlet. 

These modifications, although not completely eliminating 
the resonant oscillations, reduced them to a small enough 
value so that they were not considered dangerous. The 
addition of weight of the modifications was almost compen- 
sated for by reducing the length of the radome. The final 
weights of the main sled and pusher sled (without rockets) and 
instrumentation were: (a) Main sled, 796 lb; (b) pusher sled, 
325 lb; and (c) instrumentation (eight channels), 25 lb. 

The firing weight of the test vehicle (Fig. 5) will vary 
much as 25 to 30 Ib depending on instrumentation installation 
and rocket tolerances. 

The final and most easily solved problem encountered dur- 
ing this program so far as operation was concerned was igni- 
tion of the second stage rockets on the main sled. With veloc- 
ity at the end of the pusher stage 1000 fps and the firing 
screen box only 1 ft long, only 0.001 see was available to com- 
plete ignition. 

It was determined that this allowed insufficient time to dis- 
charge the 900 volts used through a condenser and insure 100 
per cent reliable ignition. The solution consisted of installing 
two separate screen boxes within 3 in. of each other to insure 
second-stage ignition. 
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Performance © 


The first run on the supersonic rain erosion vehicle was 
accomplished on Feb. 1, 1956, when a velocity of Mach 1.2 
was attained. Successive trial runs were accomplished at 
Mach 1.5 and 1.75. On April 24, 1956, Mach 2.05 was 
attained and established a new world’s speed record for a 
recoverable vehicle. The ensuing six runs were at velocities 
above Mach 2, with a maximum of 2459 fps or Mach 2.15 
(Run No. 12)—the highest velocity ever attained for a recover- 
able test vehicle on a high speed track. 

The maximum accelerations achieved during this program 
were 12 g during the pusher phase of operation, and 29 g dur- 
ing the main stage. Upon burnout of the rocket motors a 
maximum deceleration of 26 g occurs due to air drag. Entry 
into the water brake occurs at Station 8250 in an area of small 
change in gradient in order to reduce the amount of braking 
force achieved at high velocity. A maximum deceleration of 
14 g occurred in the water brake area giving a braking load 
just under 20,000 lb. Entry into the water was at a velocity 
of approximately 1000 fps and recovery was effected in an 
average distance of 1750 ft, or at approximately Station 9900, 

The firing weight of the pusher and main sled combination 
was 3300 lb with the burnout weight of the main sled being 
1660 lb. The pusher vehicle was equipped with a splash- 
type brake which entered the water at Station 8000 and 
effected recovery within 1200 ft. 

The maximum achieved braking load of 20,000 lb was much 
less than anticipated during the design stage. The maximum 
design load for the water brake was 50,000 Ib. By careful 
selection of the water brake entry point both the maximum 
water brake loading and the ever-present resonant vibrations 


were kept to a minimum to maintain a satisfactory factor of 


safety for the system. 


Conclusion 


The operation of the supersonic rain erosion test vehicle at 
the AFFTC track was highly satisfactory, with a total of 
seven tests being accomplished above Mach 2 and six tests 
being accomplished above Mach 1.80. 

All nineteen runs with the exception of one misfire were 
accomplished at velocities in excess of Mach 1.2. 

Much valuable information has been gained during this 
series of tests concerning slipper insert wear. In the AFFTC 
track experience this was the first time a serious slipper insert 
problem was encountered and knowledge gained from this 
experience has brought more recognition to, and provided a 
better understanding of, the insert wear problem. 

The original veloc?ty requirement, which was set up at the 
beginning of the test program, was to obtain Mach 2 for 0.5 
sec. This would produce a sustained velocity through the 
then installed 1200 ft of artificial rainfall range. A later in- 
crease in the length of the rainfall system brought the total 
length to 2100 ft extending from Station 3800 to 5900. 

Although the test velocity was not quite constant because 
of the higher than anticipated drag loads, an average velocity 
of 2300 fps was attained through the 1200-ft system of Mach 
2.07 and an average velocity of 2142 fps or Mach 1.93 resulted 
through the 2100 ft section. Thus, the original requirement 
was achieved and although a lower Mach number was achieved 
for the 2100-ft system it was clese enough to be satisfactory. 

The challenge of routine operation of a Mach 2 vehicle has 
been met and solved and the sled preparation and post-run 
inspection time reduced after every successful test. a 
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-NIAFRAX ROCKET NOZZLES 


from to 


last the full burning time without cooling 


NIAFRAX® nozzles are available in intricate shapes and 
can be produced to close tolerances in sizes ranging 
from 2” to more than 30” in diameter. 

In uncooled rocket motors, NIAFRAX silicon-nitride- 
bonded silicon carbide refractories stand up to extreme 


temperatures, heat shock and erosion for the full burn- 
ing time. In fact, NIAFRAX nozzles and liners will often 
last through several firings. 

For details, write Dept. T97, Refractories Division, 
The Carborundum Company, Perth Amboy, N. J. 
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Dr. Peter J. W. Debye, professor emeritus of chemistry at Cornell 
University, and Dr. Lloyd P. Smith, President, Avco Research 
and Advanced Development Division, discuss the Avco research 
program prior to Dr. Debye’s recent colloquium at the Division’s 
Lawrence, Massachusetts, headquarters. 


Pictured above is our new Research Center now under construc- 
tion in Wilmington, Massachusetts. Scheduled for completion in 
early 1958, this ultramodern laboratory will house the scientific 
nd technical staff of the Avco Research and Advanced Develop- 


ment Division. 


Aveo’s new research division now offers unusual and ex- 
iting career opportunities for exceptionally qualified and 
forward-looking scientists and engineers in such fields as: 


Science: 

Aerodynamics - Electronics - Mathematics - Metallurgy 
Physical Chemistry - Physics - Thermodynamics 
Engineering: 

Aeronautical - Applied Mechanics - Chemical - Electrical 
Heat Transfer - Mechanical - Reliability - Flight Test 
Write to Dr. R. W. Johnston, Scientific and Technical Relations, 
Aveo Research and Advanced Development Division, 
20 South Union Street, Lawrence, Massachusetts. : 
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HE FULL IMPACT of science on man and his economy is just 
beginning to be realized. Past achievements, translated into 
today’s technology, are transforming the world. 


In the dynamic environment man has created, his civilization 
cannot stand still. He is committed to move forward to new 
scientific breakthroughs that lay the foundation for a strong 
economy based on advanced technical achievement. 


Creative scientists and engineers, working together in an intel- 
lectual environment where ideas can be freely expressed and 
freely explored, will shape this new economy. Avco is creating 
the environment in which uninhibited thinking men can search 
out new problems and work toward their solution. A new research 
center will provide a physical environment, facilities and contact 
with stimulating minds to nourish the best ideas that each man 
contributes. 


Some of America’s foremost scientists and engineers are at work 
here. Consultants, like Dr. Peter J. W. Debye, contribute through 
colloquia and the stimulation of the inter-disciplinary currents 
imperative to high-level scientific performance. 


Aveco’s scientific approach to urgent national defense problems 
has already brought advances in high-altitude, high-speed flight, 
missile re-entry, aerodynamics, heat transfer, materials and other 
areas. Practical problems have been solved; scientific horizons 
have been widened. But the greatest challenge at Avco lies with 


work yet to be done. 
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Book Reviews 


Scientific Uses of Earth Satellites, edited 
by James A. Van Allen, University of 
Michigan Press, 1956, 316 pp. $10. 

Reviewed by H. FrrepMANn 
U. S. Naval Research Laboratory 


Thirty-three papers present a compre- 
hensive picture of the problems of observ- 
ing and instrumenting artificial satellites 
for research. Five papers are concerned 
with visual acquisition and determination 
of the orbit, the perturbing effects of sun 
and moon, the oblateness of the earth and 
atmospheric drag. Three papers treat 
the general subject of components, systems 
and environment for satellite instrumenta- 
tion. The remaining papers are descrip- 
tions of proposed scientific experiments. 

The papers were originally presented 
on Jan. 26 and 27, 1956, at the tenth an- 
niversary meeting of the Upper Atmos- 
phere Rocket Research Panel at the 
University of Michigan. The proposed 
experiments represent the first enthusiastic 
response of American scientists to the 
challenge of utilizing an artificial satellite 
for scientific research. 

The determination of air density from 
the drag on the satellite will be one of the 
major objectives of the tracking program. 
This problem is discussed thoroughly in 
papers by Lyman-Spitzer Jr. and by R. J. 
Davis, F. L. Whipple, and J. B. Zirker. 
Present plans for instrumenting the 
satellite include five approved experi- 
ments: (1) Lyman alpha radiation and 
environmental measurements, (2) cosmic 
ray observations, (3) measurements of the 
earth’s magnetic field, (4) radiation 
balance of the earth and (5) cloud cover 
measurements. Four of these are de- 
cribed in considerable detail in individual 
papers. The single omission is the fourth 
experiment on earth radiation balance. 

Many papers deal with experiments 
that could not be included in the first 
group of six satellites because of the 
severe weight and power limitations. But 
these proposals present interesting possi- 
bilities for future satellites with greater 
payload possibilities. 

The papers are technical, yet not too 
highly specialized to discourage the reader 
interested in obtaining a general survey of 
this realm of scientific exploration. 


Properties of Combustion Gases, System 
C,H2,-Air. Vol. I: Thermodynamic 
Properties. Vol. II: Chemical Composi- 
tion of Equilibrium Mixtures, by H. N. 
Powell, 8. N. Suciu and 8. R. Brinkley, 
McGraw-Hill, New York. Vol. I, 
377 pp.; Vol. II, 677 pp. $75. 

Reviewed by ALLAN SCHAFFER 
The Ramo-Wooldridge Corp. 


These two volumes of tables are an 
outstanding contribution to combustion 
science and practice. Only the well- 
known charts by Hottel, Williams and 
Satterfield have a comparable scope. 
The present tables give both equilibrium 
thermodynamic properties and chemical 
compositions for the products of combus- 
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tion of a typical jet engine fuel with air 
over a wide range of variables. The 
tables were originally published for inter- 
nal use by the General Electric Co. 

Thermochemical computations for hy- 
drocarbon-air reactions are complicated by 
molecular dissociations above about 3000 
R and involve the solution of sets 
of simultaneous nonlinear algebraic equa- 
tions. In the past, dissociation phe- 
nomena have often been ignored to 
simplify the calculations despite the fact 
that appreciable errors were so incurred. 
Digital computers have made feasible the 
large-scale calculational program necessary 
in preparing the present tables. The 
basic molecular data for the computations 
have been taken from the National Bureau 
of Standards tables. 

There are generally four independent 
variables in hydrocarbon-air combusti 
calculations, namely, temperature, pres- 
sure, equivalence ratio and the hydrogen- 
carbon ratio of the fuel. The ranges of 
interest for the first three variables are 
completely covered in the GE tables, but 
only fuels with an H/C ratio of two are 
treated. The independent variable grid 
is: Temperature from 600 to 5000 R in 
100 R increments, pressure from 0.01 
to 30 atm in 22 increments, and equi- 
valence ratio from 0.25 to 4.0 in 15 incre- 
ments. On this grid, the following 
thermodynamic functions of the products 
of combustion are listed: Enthalpy, 
entropy, mean molecular weight, density, 
equilibrium sonic velocity, frozen sonic 
velocity, heat capacity and two nonideality 
coefficients. Equilibrium concentrations 
in molfractions are given for the following 
species: A, C,(graphite), CO, CO2, H.0, 
Oz, Ne, H, O, N, NO, OH, CH, and NH;. 
All molfractions greater than 10~° are 
listed. In addition to the tabulations of 
mixture properties and compositions, 
tables are given of the enthalpy, Gibbs free 
energy, entropy, and heat capacity func- 
tions for the above pure species over the 
range 600 to 5000 R 

Enthalpies are given on an absolute 
basis and include heats of formation as 
well as sensible heats. It has been recog- 
nized for some time that the use of absolute 
enthalpies greatly simplifies thermochem- 
ical calculations. However, the choice of 
the enthalpy reference state is arbitrary, 
and a variety of states have been selected 
by different authors. The result is that 
data from these different sources cannot be 
freely interchanged. A ‘‘standard’’ refer- 
ence state is needed. The authors 
have adopted what this reviewer believes 
to be the least arbitrary reference state. 
Each element of interest is assigned for 
its normally stable form a value of zero 
enthalpy at 0 R. Let us hope that this 
reference state willbe adopted for all future 
combustion computational programs. 

In addition to the tabulated data, the 
authors have included a 45-page introduc- 
tion in which they discuss combustion 
calculations, derive pertinent equations 
and solve illustrative examples. This 
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ability 


The most important engi- 
neering assignments are now 
being placed with companies 
which can point to superior 
accomplishments not only in 
research and development, but 
in production of the end items. 
Because of this, engineers inter- 
ested in aircraft and missile com- 
ponents and systems will find 
outstanding opportunities at the 
Garrett Corporation. Our prime 
areas of operation include the 
following : 


air-conditioning 
pressurization 
heat transfer and cryogenics 
pneumatic valves and controls 


system electronics, computers 
and flight instruments 


gas turbine engines and 
turbine motors 


The Garrett Corporation also has 
made important advances in prime 
engine development and in design 
of turbochargers and other industrial 
products. 


Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions are 
now open for mechanical engineers 
. mathematicians ... specialists in 
engineering mechanics... electrical 
engineers... electronics engineers. 


For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resume 
of your education and experience. 


Address Mr. G. D. Bradley 


9851 S. Sepulveda Blvd. 
Los Angeles 45, Calif. 
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SPECIFICATIONS: 


Weight___1.25 Ib. 
Electrical input 10 milli-amperes 
Operating pressure 200 to 4000 psi 
Rated flow______0.12 to 5 gpm 
MIL-O-5606 
Oil Temperature —90°F to 400°F 


design results in high spool control forces 


positive switching action 


The Time Dwell Servo characteristics: friction loads. 
Valve is a two stage switching type Spool velocity rather than posi- It has a wide temperature range 
electro-hydraulic valve. It converts tion is the control parameter. of efficient operation. 
low level electronic signals into Spool centering springs are not. In combination with a matched 
hydraulic energy which actuates required. actuator, the Time Dwell Servo 
mechanisms to steer or control mis- Performance is maintained even falve gives true 1/s? dynamic per- 
siles, aircraft, and ground control with contaminated oil. formance. This allows the servo 
and similar equipment. It is unaffected by accelerations — systems engineer to achieve system 
Weighing only 114 pounds, this to 50G in any direction. response, resolution and stability 
AiResearch valve has the following It is insensitive to varying spool _ previously unattainable. 


© Outstanding opportunities for qualified engineers _ 


CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 
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Designers and manufacturers of aircraft systems and COMPONENLES: REFRIGERATION SYSTEMS * PNEUMATIC VALVES AND CONTROLS * TEMPERATURE CONTROLS 


CABIN AIR COMPRESSORS * TURBINE MOTORS * GAS TURBINE ENGINES * CABIN PRESSURE CONTROLS * HEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 
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| MISSILE 
ENGINEERS 


Many new positions are being created at Northrop Aircraft 
7 ve for missile engineers in a wide range of activity: control, a : 
a as guidance, servo, computers, recording, optical, reliability, 
electro-mechanical, telemetering and electronics. There's 
an interesting position for you, at your own experience = 
level, with attractive remuneration and steady advance- r 
ment, in one of the following groups: 

GUIDANCE AND CONTROLS, encompassing research 
and development of advance automatic guidance and 
xf flight control systems for both missiles and piloted air- 
: craft. Specific areas of development include: radio and 

i radar systems, flight control systems, inertial guidance 
: systems, instrument servo systems, digital computer and 
magnetic tape recording systems, airborne analogue 
computer systems, optical and mechanical systems, and 
systems test and analyzer equipment. 

FLIGHT TEST ENGINEERING SECTION, which plans the 
missile test programs and establishes test data require- 
: “vi ments in support of the programs. The data requirements 
are predicated on the test information reqttired by the 
engineering analytical and design groups to develop and 
J demonstrate the final missile design, and are the basis 
+ _ from which instrumentation requirements are formulated. 
The analysis work performed consists of aerodynamic, 


missile systems, dynamics, flight control, propulsion and 

guidance evaluation. The Flight Test Engineering Section . 
é is also responsible for the field test program of the 4 
~ ground support equipment required for the missile. 


FLIGHT TEST INSTRUMENTATION SECTION, which in- 
cludes a Systems Engineering Group responsible for the 
system design concept; a Development Laboratory where 
electronic and electro-mechanical systems and compon- 
ents are developed; an Instrumentation Design Group for 
the detail design of test instrumentation components and 
systems; a Mechanic Laboratory where the instrumenta- 
tion hardware is fabricated; and a Calibration and Test 
Group where the various instrumentation items and 
systems are calibrated and tested. 

For 17 years Northrop Aircraft has pioneered in missile 
research and development. As a member of this forefront 

organization in this growing field, new opportunities for 

full expression of your initiative and ability will always be 
yours at Northrop. 

If you qualify for any of these attractive positions, we 
invite you to contact the Manager of Engineering Indus- 
trial Relations, Northrop Aircraft, Inc., telephone ORegon 
8-9111, Extension 1893, or write to: 1015 East Broadway, 
Department 4600-K, Hawthorne, California. oe 


NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORN [A ay 
f 
% gi (sed Producers of Scorpion F-89 Interceptors and Snark SM-62 Intercontinental! Missiles 


introductory section is very well written. 
It serves not only as an explanation of the 
tables but also as a brief text for combus- 
tion analysis. The authors point out that 
in applying the perfect gas law to combus- 
tion products, one must allow the molec- 
ular weight of the gas to be a variable, a 
function of both temperature and pressure, 
due to molecular dissociations. These 
effects are conveniently treated by intro- 
ducing two nonideality coefficients. The 
importance of the dissociation equilibria 
in any regime is indicated by the magni- 
tudes of the nonideality coefficients, whic) 
are listed in the tables along with other 
properties of the combustion products. 

Graphical procedures for performing 
analyses are recommended by the authors. 
Illustrative examples of first law problems, 
such as the calculation of adiabatic flam« 
temperatures and theoretical heat releases 
are solved by means of an enthalpy-fuel 
air ratio diagram. A typical afterburne: 
problem is also worked out with thi: 
general plot. Second law problems, such 
as nozzle expansions, are solved by means 
of a Mollier diagram. It is of interest 
that equilibrium nozzle expansions in 
which the specific heat ratio of the gas is 
not constant can be treated easily. 

The previous discussion has indicated 
the tremendous scope of these volumes. 
Few criticisms (except for the price) can be 
made. One wishes that data for pure air 
had been included, but compatible air 
data are available from other sources. 
The principal criticism is that only one 
H/C ratio has been considered. It is 
true that H/C=2 is closely representa- 
tive of kerosene-type aviation fuels as 
well as gasolene fuels and is exactly appli- 
cable to the pure fuel species ethylene. 
But one wonders about using the tabulated 
data for fuels with H/C ratio other than 2. 
The authors make no statement in the text 
about the sensitivity of the results to the 
H/C ratio because at the time of the 
writing they contemplated a series of 
volumes for different H/C ratios. How- 
ever, the goal was never realized and only 
the H/C=2 computations and a limited 
amount H/C =3 computations were made. 
Enthalpy data for H/C=3 have subse- 
quently been published (see ASME 
paper 56-SA-68). 

This reviewer has attempted to find 
out over what range of H/C ratios the 
present volumes may be used without in- 
curring excessive error. In private corre- 
spondence, the authors stated that, in 
agreement with previous estimations by 
Hottel, Williams and Satterfield, they 
have found that variations in gross mix- 
ture properties with H/C ratio are small 
in the range 1.7 to 2.4. This reviewer 
compared results from the H/C=2 
data with some selected published com- 
putaticns for propane, which has H/C= 
23, and found errors in flame temperatures 
of about 33 per cent and in compositions 
of about 5 per cent. In view of these re- 
sults, one might still expect errors of 
several per cent in the 1.7 to 2.4 H/C range. 

With the calculational program all 
written and the techniques established, it 
seems a shame that there are no plans 
to extend the computations over a suit- 
able H/C grid. Some agency could do 
combustion science a service by insuring 
that this program is carried out. 
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Power for the world’s mightiest weapons: — 


These are the names of the great 
new missiles of America—defense 
systems of unprecedented speed and 
striking power. To feed their mon- 
strous thirst for power, a new kind of 
engine had to be created—an engine 
with enough propulsive thrust to 
drive tons of projectile in a colossal 
are upward from the earth’s surface 
to the bounds of atmosphere, and on 
through space itself at thousands of 
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miles per hour. 

The answer was the large, liquid 
propellant rocket engine. Only a few 
years ago ROCKETDYNE, directed by 
the Air Force, set out on a program 
to design and build these high-thrust 
propulsion systems—a job that meant 
starting from scratch, and writing the 
book as they went along. 

Today, ROCKETDYNE can report 
that the power for these revolutionary 


new weapons is ready. Engines for the © 
Armed Services’ high priority missile — 
programs are being built in quantity — 
at two ROCKETDYNE plants—Canoga 
Park, Calif., and Neosho, Mo. 

The possession of such weapons is | 
of crucial importance to America. 
Free men everywhere are entitled 
to know that the power for our major 
missiles is being delivered—on 
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a 
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[ENGINEERS 
Aerodynamics & Propulsion 


now 


The Applied Physics Labora- 
tory (APL) of The Johns 
Hopkins University is unique 
in that we are neither an in- 
dustrial nor an academic 
organization, but rather a 
composite, having drawn 
freely from the methodolo- 
gies of each. 

For thirteen years APL has 
pioneered in guided missiles. 
Today we are engaged in a 
broad program of R & D for 
the Navy; in addition, we are 
responsible for technical di- 
rection of industrial and 
academic contractors in de- 
veloping the Terrier, Talos 
and other major weapons and 
weapons systems. Our staff 
members enjoy not only the 
stimulus of association with 
their immediate colleagues at 
: APL, but also with those in 
_ other organizations of con- 
siderable stature. 


NEW 30-PAGE PUBLICATION 


A few positions for senior engi- 
neers and scientists are now 


A: open. Information on our ac- 
complishments and goals is 
4 available in a new 30-page pub- 

~ lication, just off the press. 


In it staff leaders representing 
— each of the various disciplines 
a and fields outline the nature of 
their programs. Information on 


ou our new laboratory in Howard 
i County, Md. (equidistant be- 
; tween Baltimore and Washing- 
+ ton) is also included, together 
= with facts on the outstanding 
ce communities in which our staff 
oe members live. 
oS Quantity 1s somewbat limited. 
= May we suggest you send now to: 


Professional Staff Appointments, 


=. The Johns Hopkins University 
a Applied Physics Laboratory 


8617 Georgia Avenue, Silver Spring, Md. 


Jet and Rocket Propulsion 
Engines 


Injection Principles from Combustion 
Studies in a 200-Pound-Thrust Rocket 
Engine Using Liquid Oxygen and Heptane, 
by M. F. Heidmann and C. M. Auble, 
NACA RM E55C22, June 1955, 55 pp. 
(Declassified from Confidential by author- 
ity of NACA Res. Abstracts 113, p. 13, 
4/2/57.) 

Thermodynamics of Rockets, by Eugen 
Sanger, Fusées et Recherche Aéronautique, 
vol. 1, June 1956, pp. 17-22 (in French). 

Rocket Engines (Design of Armstrong- 
Siddeley Screamer), by 8. Allen, J. Royal 
~ Soc., vol. 61, March 1957, pp. 181- 

07. 


Rotating Stall in Axial Flow Compressors, 
by Jean Fabri and Raymond Siestrunck, 
Inst. Aeron. Sci., Prepr. 692, Jan. 1957, 23 
pp., 9 figs. 

Experimental Investigation of the Rotat- 
ing Stall in a Single Stage Axial Compres- 
sor, by Jacques Valensi, Inst. Aeron. Sct., 
Prepr. 700, Jan. 1957, 19 pp., 14 figs. 


Tests on Rough Surfaced Compressor 
Blading, by R. C. Turner and Hazel P. 
Hughes, Gt. Brit., Aeron. Res. Council, 
Curr. Pap. 306 (formerly ARC TR 17933: 
Nat. Gas Turbine Estab. Mem. M241), 
1956, 18 pp., 19 figs. 

Tests Concerning Novel Designs of 
Blades for Axial Compressors, Part I. 
Blades Designed for Increased Work at 
Root and Tip. Part II. Blades Designed 
to Operate in a Parabolic Axial Velocity 
Distribution, by S. J. Andrews, R. A. 
Jeffs and E. L. Hartley, Gi. Brit., Aeron. 
Res. Council, Rep. & ’Mem. 2929 (for- 
merly A RC T R 12623 and 14671; Nat. Gas 
Turbine Estab., Mem. M54 and Rep. 
R104), 1956, 22° pp. 

Comparison of NACA 65-Series Com- 
pressor-Blade Pressure Distributions and 
Performance in a Rotor and in Cascade, by 
Willard R. Westphal and William R. God- 
win, NACA TN 3806, March 1957, 53 pp. 
(supersedes RM L51H20). 

A Comparison of Typical National Gas 
Turbine blishment and NACA Axial- 
Flow Compressor Blade Sections in Cas- 
cade at Low Speed, by A. Richard Felix 
and James C. Emery, NACA TN 3937, 
March 1957, 46 pp. (supersedes RM 
L53B26a). 

Investigation in a Supersonic Wind 
Tunnel of a Complete Combustion Model 
Ramjet and Performance Correlation with 
Component Tests, by Leo Stoolman and 
Donald L. Francis, Calif. Inst. Tech., Jet 
Propulsion Lab., Rep. 3-16, Jan. 1951, 63 
pp. (Declassified rom Confidential by 
authority of Calif. Inst. of Tech., Jet Pro- 
pulsion Lab., Pub. 38, p. 4, 1/3/55.) 

Bomber Capabilities, 1954 Turboprop 
and Turbojet Powerplants, by R. B. Mur- 
row, R. S. Schairer and C. V. Sturdevant, 
Rand Corp., Rep. R-171, Feb. 1950, 251 pp. 
(Declassified from Confidential by author- 
ity of Armed Services Tech. Info. Agency, 


Ep1Tor’s Note: Contributions from E. R. 
G. Eckert, J. P. Hartnett, T. F. Irvine Jr. and 
P. J. Schneider of the Heat Transfer Labora- 
tory, University of Minnesota, are gratefully 
acknowledged. 


Technical Literature Digest_ 


_M. H. Smith, Associate Editor, and M. H. Fisher, Contributor 
# The James Forrestal Research Center, Princeton University 


Title Announcement Bull. U-116, p. 48, 
1/7/57.) 

Experimental Study of the Divergence 
Angle Effect in Rocket Motor Exhaust 
Nozzles, by Charles R. Foster and Fred- 
erick B. wles, Calif. Inst. Tech., Jet 
Propulsion Lab., Progress Rep. 20-134, 
Jan. 1951, 18 pp. (Declassified from Con- 
fidential by authority of Calif. Inst. Tech., 
Jet Propulsion Lab., Pub. 38, p. 15, 1/3, 
55.) 


Heat Transfer and Fluid 
Flow 


Heat Transfer in a Pipe with Turbulent 
Flow and Arbitrary Wall-Temperature 
Distribution, by C. A. Sleicher Jr., and M 
Tribus, Trans. ASME, vol. 79, May 1957, 
pp. 789-798. 

Use of Sodium and of Sodium-Potas- 
sium Alloy as Heat-Transfer Medium, b 
W. B. Hall, and T.I.M. Crofts, Proc., 
Inst. Mech. Engrs., vol. 170, 1956, pp. 321 
330. 

Liquid Metals as Heat Transfer Media, 
Nuclear Engng., vol. 1, Sept. 1956, pp. 
238-240. 

The Heat-Transfer and High-Tempera- 
ture of Liquid Alkali 
by I. I. Novikov, A. N. Soloviev, E. 
Khabakhnasheva, V. A. Gruzdev, A. 
Pridantzev and M. Vasenina, J. Nuclear 
Energy, vol. 4, March 1957, pp. 387-408. 

Experiments on the Inhibition of Ther- 
ae onvection by a Magnetic Field, by 

Y. Nakagawa, Proc. Roy. Soc., Ser. A, no 
1220, vol. 2401, 1957, pp. 108- 113. 

Boundary-Layer Transition at Mach 
3.12 as Affected by Cooling and Nose 
Blunting, by N.S. Diaconis, J. R. Jack and 
R. J. Wisniewski, NACA TN 3928, Jan. 
1957, 17 pp. 

Turbulent Exchange of Mass and Mo- 
mentum with Boundary, by T. J. Han- 
ratty, J. Amer. Inst. Chem. Engrs., vol. 2, 
Sept. 1956, pp. 359-362. 

Mechanism of Heat Transfer to Liquid 
Drops, by R. V. McDowell and J. E. 
Myers, J. Amer. Inst. Chem. Engrs., vol. 2 
Sept. 1956, pp. 384-388. 

A Study of Sprays Formed by Two Im- 
pinging Jets, by Marcus F. Heidmann, 
Richard J. Priem and Jack C. Humphrey, 
NACA TN 3835, March 1957, 32 pp. 


Aerodynamics of Jet 
Propelled Missiles 


Some Stability Considerations for the 
Spinning WAC Corporal, by H. K. Forster, 
Calif. Inst. Tech., Jet. Propulsion Lab-. 
Rep. 4-44, March 1948, 15 pp. (Declassi- 
fied from’ Confidential by authority of 
Calif. Inst. Tech., Jet Propulsion Lab., 
Pub. 38, p. 6, 1/3/55.) 

Analysis Techniques for Boost Phase 
Trajectories, by C. D. West, Johns Hop- 
kins Univ. Appl. Phys. Lab., CM 891, 
Dec. 1956, 30 pp. 

Long Range Surface to Surface Rocket 
Vehicles, Preliminary Investigations and 
Results, Aerodynamics, by G. — 
J. Huntzicker, A. Kvaas, H. Lieske, I 
Moore, I. Naiman and A. Wylly, Rand 
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positions in 
IISSILE SYSTEMS THERMODYNAMICS 


“ _ Weapon systems activities under Lockheed’s management are encountering 
_ thermodynamic problems of a most advanced nature. Projects at the 
Palo Alto, Sunnyvale and Van Nuys organizations present unusual scope 
cary for achievement in thermodynamics areas including: Boundary layer 
and heat transfer analyses in hypersonic flow fields such as pressure gradient — 
a wa and real-gas effects; analysis of thermodynamic performance of missiles ee 
continuum flow, slip flow and free-molecular flow; calculation of transient 
is _ structural and equipment temperatures resulting from aerodynamic if 
ean heating and radiation; specification of ground tests and flight tests required 
or _ to verify and improve thermodynamic design of missile and weapon 
systems; analysis and interpretation of thermodynamic ground test and 
flight test data. Inquiries are invited. Please address the 
7 _ Research and Development Staff, Palo Alto 20, California. 


-- Aerothermodynamic Staff members discuss heat flux during reentry of a 
: _ hypersonic vehicle. Left to right: J. 1. Osborne, aerodynamics; R.G. Wilson, — 
thermodynamic research; W. E. Brandt, thermodynamic analysis; 
_ Dr. L. H. Wilson, Thermodynamic Section head. oy: 


a 


SYSTEMS 


A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PALO ALTO «+ SUNNYVALE +: VAN NUYS 


CALIFORNIA 


iy 


TEST EQUIPMENT 


The Test Equipment Engineer is engaged 
primarily in the design of specialized missile 
check-out equipment. As missiles push the 
state of the art, test equipment must exceed 
the missiles in precision and reliability. Auto- 
matic programing, go-no-go evaluation, and 
"em ft tic data pr ing add up to auto- 
mation in missile testing. 
goed is evaluating his design of 
ecision power supply—one of the build- 
that will be system engineered 
into a family of versatile matched missile 
and sub-system test equipment. Engineers 
work as individuals. 


io HYDRAULIC DESIGN 


Excellent opportunities are available for the 
engineer to observe the performance of his 
design. Here, under the watchful eyes of its 
designer, a hydraulic power unit is under- 
going adjustment and setting prior to severe 
testing at simulated high altitude conditions. 

Many components, which a few months 
ago seemed almost impossible to design, 
are now being tested under the severe con- 
ditions required to qualify them for flight 
Operation—and passing with flying colors, 


STEERING. INTELLIGENCE 


Two Steering Intelligence Engineers discuss 
space allotment in a new guidance com- 
ponent. This close association of engineers 
with the “flying” equipment is typical of the 
Steering Intelligence Section. Engineers in 
this section are primarily and directly con- 
cerned with refining the guidance equipment 
to steer the missile with greater accuracy, 
ot greater ranges and with simpler and more 
reliable electronic equipment and, con- 
sistently, with minimizing the cost. Work is 

| actively in progress in every principal field 
from microwave equipment to inertial end 
instruments. 


Bendix Products Division—Missiles 
413L Bendix Drive, South Bend, Indiana 


Gentlemen: | would like more information concerning opportunities in guided 
missiles. Please send me the booklet “Your Future In Guided Missiles”. 


NAME 


ADDRESS 


CITY 


PRIME CONTRACTOR 
FOR TALOS MISSILE 


Offers more interesting 


ths 


and challenging 


er 


opportunities! 


If you are interested in guided missiles, you 
will be especially interested in Bendix. As 
prime contractor for the important and 
successful Talos Missile, the job opportunities 
here cover the widest possible scope, and the 
opportunities for advancement are practically 
unlimited. 


Here is a compact, hard-hitting organization 
backed by all the resources of the nation-wide 
Bendix Aviation Corporation—an organiza- 
tion dedicated to the design and production 
of the finest in guided missiles. 


If you can accept a challenge, want an oppor- 
tunity to grow with a leader in its field, and 
can accept the responsibility that goes with 
opportunity, send for the thirty-six-page book 
“Your Future in Guided Missiles”. It gives 
the complete, detailed story of the function of 
the various engineering groups and the many 
job opportunities available for you. 


Just fill out the coupon. It may help you plan 
a successful future in the guided missile field. 


Corp. Rep. RA-15065, March 1948, 126 
pp. (Declassified from Secret by author- 
ity of ASTIA TAB U-122, p. 33, 3/27/ 
57.) 

Dynamics of a Spinning Rocket with 
Varying Inertia and _— Moment, by 
Kenneth Jarmolow, J. Appl. Phys., vol, 
28, March 1957, pp. 308-313. 

Regulus II Trainer Has Boundary Layer 
Control, Missiles and Rockets, vol. 11, 
March 1957, p. 33. 

Longitudinal Stability and Drag Char- 
acteristics at Mach Numbers from 0.70 to 
1.37 of Rocket-Propelled Models Having a 
Modified Triangular Wing, by Rowe Chap- 
man J1., and John D. Morrow, NACA RV 
L52A31, May 1952, 35 pp. (Declassified 
from Confidential by authority of NAC A 
Res. Abstracts 112, p. 14, 3/12/57.) 


Combustion, Fuels and 
Propellants 


Determination of Combustion Time 
Lag Parameters in a Liquid Bipropellant 
Rocket Motor, by George B. Matthews, 
Princeton Univ., Dept. Aeron. Engny,., 
Rep. 372, 1957, 278 pp., 7 tab., 83 fig. 

Performance of Pure Fuels in a Single 
J33 Combustor, I. Five Liquid Hydro- 
carbon Fuels, by Jerrold D. Wear, and 
Ralph T. Dittrich, NACA RM E52JO3, 
Nov. 1952, 43 pp. (Declassified froin 
Confidential by authority of NACA 
Res. Abstracts 112, p. 16, 3/12/57.) 

The Kinetics of the Thermal Decomposi- 
tion of Potassium Nitrate and of the 
Reaction between Potassium Nitrite and 
Oxygen, by EliS. Freeman, J. Amer. Chem. 
Soc., vol. 79, Feb. 20, 1957, pp. 838-842. 


Materials of Construction 


Ceramic Materials Research for Air- 
craft and Rocket Vehicles, by W. H. 
Duckworth, H. Z. Schofield and C. R. 
Austin, Rand Corp., Rep. RA-15039, 
Aug. 1947, 89 pp. (Declassified from 
Confidential by authority of ASTIA 
T AB U-119, p. 47, 2/18/57.) 

Evaluation of the Use of Electrical 
Resistance for Detecting Overtempera- 
tured S-816 Turbine Blades, by Leonard 
Robins, NACA RM _ E57A29a, March 
1957, 22 pp. 

Survey of Microstructures and Me- 
chanical Properties of Overtemperatured 
S-816 Turbine Buckets from J47 Engines, 
by 8S. Floreen and R. A. Signorelli, NACA 
RM ¥F56K30, March 1957, 41 pp. 

Lubricants for Extreme Temperatures 
Used in Aeronautics and in Rocket Pro- 
jectiles, by M. Emile Matsas, Fusées et 
Recherche Aéronautique, vol. 1, no. 2, 
Oct. 1956, pp. 151-160 (in French). 

Thermal Characteristics of Some Non- 
Ferrous Products of Possible Use in 
Aeronautics, by R. Chevigny, Fusées el 
Recherche Aéronaulique, vol. 1, no. 2, 
Oct. 1956, pp. 161-169. 

Non-oxidizing Metals and Refractories 
in Aeronautics, by L. Guitten, Fusées 
et Recherche Aéronautique, vol. 1, no. 3, 
Dec. 1956, pp. 227-237. 

The Electrical Resistance of Some 
Metals and Alloys below 1°K, by J. S. 
Dugdale and D. K. C. MacDonald, 
Canadian J. Phys., vol. 35, March 1957, 
pp. 271-279. 

Adaptation of Materials to Rocket 
Motors, by Jean Venturini, Fusées ¢l 
Recherche Aéronaulique, vol. 1, no. 1, 
June 1956, pp. 65-90 (in French). 


Jet PROPULSION 


— 
= 
4 
~ 
a, 
4 
| 
| 
| 
| 


IN 


For Precision Switching... 


=> 


... try this Rugged and Reliable, a 7 
featherweight squib-actuated switch 


_-—-s esigned for use in guided missile and special weapons circuits, the ‘COM-300 Series” 

_ Squib Switches are now available for general use wherever there is need for a compact, 
reliable device to open and/or close up to four electrical circuits simultaneously. 


The actuating squib is more sensitive than a delicate relay, yet switching action is 
faster and more positive than that of a massive solenoid switch. 


The OM-300 Series includes all possible combinations of normally open and normally 
closed contacts in the four pole switch illustrated above. Switches of this series will 
solve many problems for designers of warhead fuzes, missile control systems, aircraft 
emergency systems, and missile telemetering systems. 


®Size: 4%” x 4%" x 21%" (Terminals extend 1%”) (Non-delay) 


i ee Weight: 280 grains (.64 oz.) (Non-delay) 
Number of Poles: 4, any combination of open and closed 
G ive Current Capacity, Closed Pole: 25 amperes continuously 
explo 200 amperes for 100 milliseconds 


t y : | ® Voltage, Standoff, Open Pole: 500 volts minimum 
a pou h a n ica Energy to Actuate Switch: With carbon bridge squib—500 ergs at 50 volts 
ec (Minimum values recommended) 
With wire bridge squib—5,000 ergs at 6 volts 
(Minimum values recommended) 
_ @Switch Actuation Time*: Less than 5 milliseconds 


*Actuation Times as short as 0.1 millisecond and as long as 20 seconds will be available. 


Write today for additional data on this effective device. 


| 
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 PARKE THOMPSON ORDNANCE SECTION 
7 SAINT LOUIS 19, MISSOURI 
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New Paten 


Rocket launching support 
792,756). Werner Bern, Swit- 
zerland, assignor to Society “‘Brevin A. G.”’ 

Sleeve slidably mounted on the body of 
a rocket for longitudinal guiding. Fins, 
rigid with the sleeve, limit the sliding of 
the sleeve on the body between front and 
rear limit positions. The rear position is 
the operative position when the rocket is 
flying on its trajectory. 


Switching device for controlling the igni- 
tion circuit of an explosive projectile 
(2,799,744). J. L. Nordgren, Hagersten, 
Sweden, assignor to Aketiebolaget Bofors. 

Member with a frusto-conical chamber 


Two 
electrical contacts in the narrow end and 
a closing member are movable within the 
chamber by the effect of the retardation by 
the projectile in flight. 


Variable area jet nozzle (2,793,491). 
Arthur W. Gardner, Indianapolis, Ind.; 
assignor to General Motors Corp. 

Two valves mounted for rotation about 


an axis transverse to the jet pipe extend 


over the nozzle to vary the effective area. 
A seal ring extending around the pipe 


_ bridges the space between the pipe and 


valves. The ring is urged radially out- 


__-wardly against the interior of the valve by 


pressure from the jet pipe. 


Jet nozzles and jet propulsion units pro- 
vided with means for deviating the jet 
(2,793,494). M. Kadosch, F. G. Paris, J. 
Bertin and R. H. Marchal, Paris, France, 
assignors to Nationale d’Etude et de Con- 
struction de Moteurs d’ Aviation. 

Propulsive nozzle forming an axi:lly 
flowing jet, and an internal means for de- 
flecting the jet. Guide vanes extend lat- 
erally in the path of flew and provide an 
exhaust curved path so as to form a second- 
ary jet stream at a substantial angle with 
the axis. 


Rocket grain braking apparatus (2,798,- 
430). David B. Grimes, Silver Spring 
Md., assignor to the U.S. Navy. 

Unit for preventing movement of pro- 
pellant grainsina rocket. Wedging means 
in the recess between the housing and an 
inner member and a detent (releasable b 
inertial forces upon launching of _ the 
rocket), restrict relative movement of the 
housing and the inner member. 


Epirors Note: 


Patents listed above were selected from the Official Gazette of the U. 8S. Patent Office. 
may be obtained from the Commissioner of Patents, Washington 25, D. C., at a cost of 25 


Printed copies of Patents 
cents each; design patents, 10 cents. 


Model 48-500 


50 to 10,009 Gal] 
on 


Liquid Oxygen — Nitrogen Unit 


LIQUID OXYGEN 
d 


_ NITROGEN UNITS 


For In-Plant Storage 


and Transportation 


These low-loss storage and transport units 
are skid, caster, wheel and trailer mounted 
and are available in capacities to 3500 gal- 
lons. Larger vessels for bulk liquid storage 
are sized to 10,000 gallon capacities. All 
units feature standard equipment as follows: 
bottom fill and discharge line, top fill line, 


liquid level gauge, vacuum valve and filter, 
thermocouple vacuum gauge, pressure gauge, 
A.S.M.E. code stamped inner vessels, quick 
pressure build-up system, extended stem 
valves on liquid lines, ending with Hofman 
quick couplings. 


Send for our new 16 page catalog LOW TEMPERATURE APPARATUS 


Laboratories, Inc. 
226 Emmet St., Newark, N. J. 


West Coast Agent: BLAIR-MARTIN CO., INC., 1010 Fair Oaks, So. Pasadena, Calif. 
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| TO WORK ON THE 


ADVANCED PROPULSION 
SYSTEMS OF TOMORROW 


Turbine Engineer 
BSME or BSAE with experience 


in mechanical and aerodynamic 
design ... to carry out aerodynamic 
studies for the design and de- 
velopment of specific turbine units 
or parts ... and to undertake the 
analysis and solution of mechani- 
cal design problems encountered in 
high speed, high temperature 
usage. 


ompressor Engineer: 
BSME with experience in aircraft 


gas turbines . . . responsible for the 
mechanical design of assigned com- 
ponents within the group working 
on the compressor . . . and to estab- 
lish, design and develop programs 
for the assigned components. 


Small groups working in a professional 
atmosphere with in-plant opportunities 
to climb the ladder . . . this is yours as an 
engineer in our Jet Engine Department. 
Your ideas, as well as your experience, 
are important to us. Send us your res- 
ume or phone us collect: 

MR. J. A. McGOVERN 
PROFESSIONAL PLACEMENT 
JET ENGINE DEPT. 
BUILDING 501 ROOM A-95 
POplar 1-1100 


GENERAL ELECTRIC 


ICincinnati 15, Ohio 
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Magnesium, in its finely divided form, may well be suitable 
for new types of rocket fuels. It has long been known that 
a tremendous amount of chemical energy is locked within 
the metal. Upon further examination, finely divided magne- 


sium has many significant characteristics that are important 
to the development of an efficient fuel: 


Products of combustion are: 


inert, relatively non-abrasive 
and present no toxicity 
problem 


High heat of reaction 
Chemically reactive 
High energy per unit volume 


High theoretical flame temp. Ta 


Can be dispersed in various supply 


media 
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High heat of reaction, other characteristics point to 
magnesium for high-energy fuels 


Magnesium’s heat of reaction, for example, compares to that 
of other fuel materials as follows: magnesium, 14,200 B.T.U. 
er lb. of oxygen required for combustion; aluminum, 
13,370; lithium, 10,980; boron, 9,670 (all at 1800°K). This 
plus magnesium’s high theoretical flame temperature indi- 
cates that magnesium is especially adaptable for short-range 
applications where high initial thrust is desirable. 
In addition, magnesium can also be considered as an inter- 
mediate in the manufacture of other metallic and organo- 
metallic fuels. 
For information about finely divided magnesium, contact 
your nearest Dow sales office or write THE DOW CHEMICAL 
coMPaNy, Midland, Michigan, Department MA1438F. 


missile propellants 
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Jet propulsion combustion apparatus with 
expansively mounted fuel manifold (2,- 
793,495). Harry C. Karcher, Indianap 
olis, Ind., assignor to General Motors 
Corp. 

Fuel manifold extending around the up. 
stream face of a flameholder ring. Fuel 
spray orifices are located in the manifold 
next to the ring. The manifold is sup- 
ported on the ring with freedom for rela- 
tive circumferential movement. 


2,797,548 


Typical ram jet components. produced 
by Finn Aeronautical Division. 


Thrust spoiler for sarong nozzles 
(2,797,548). R. H. Marchal, M. IL. 


% 
We specializein 
precision welded sheet metal compon en ¥X Controllable means for displacing a set 


of concealed guide vanes into and out of a 
casing to deflect the jet stream from the 


axis of the propulsive nozzle. 


for missiles jets and r am jets Operating internal combustion burners of 


the jet motor type (2,794,316). Paul F. 
ee Winternitz, New York, N. Y., assignor to 
Reaetion Motors, Inc. 
7 Method of protecting from burning out 
~4 We have the experience, the equipment, the men and a an internal combustion burner. Into the 
chamber is continuously and concurrently 
approvals to carry out your most complex experimental oe injected under pressure an oxidant and 
uid fuel containing a substance which 
d welding and fabrication of jet, ram jet and missile engine — Bx burns in the oxidant to form a refractory 
solid oxidation product. The amount of 
components. | substance in the fuel provides deposition 
at a rate to maintain and 
_ tective coating on the internal walls. The 
2. Some of the superalloys we've worked and welded m- fuel is comprised of a monomeric lowe! 
clude N-155...A-286...the Nimonics...Inconel-X...In tetra alky! orthosilicate. 
Jet propulsion nozzle apparatus (2,- 
conel-W. .. Hastelloy... Timken...and stainless steel. Our 794,317). Charles R. Brown, Glen, Mills 
Pa., assignor to Westinghouse [Electric 
=F welding department includes certified Sciaky spot weld- Corp. ; 
> : Variable area nozzle for a jet engine in 
ers, USAF cer tified heliarc welders and complete, USAF- oA ri which a group of master Lew elements are f 
disposed about the discharge opening. 
roved X- “ray facilities. Slave leaf elements cooperate with the ti 
| master leaves to form a dis- d 
Aan | charge nozzle. Elements are held in 
For more detailed write, wire or ‘phone us. | sealing engagement by pressure of the dis 
| charged fluid. 
pellant supply system for jet propulsion tk 
: | motor (2,794,318). Maurice J. Zucrow ri 
and Herman Coplen, Pasadena, Calif, 
| assignors to Aerojet-G yeneral C Yorp. A 
AERO | System for introducing a liquid ao bc 
| lant into a motor chamber. When a sole- 
NAUTICAL DIVISION noid operated valve is placed in one posi- tr. 
tion, the pressure source ‘hamber pl 
are interconnected and the throttle vent is ; 
COMPANY, INC. closed. In its second position, In 
sure source is disconnected and the pilot 
275 Goffle Road, Hawthorne, N. J. i] +5 san chamber is connected to the throttle = 
Fe = so as to exhaust, thereby reducing pilot 
HAwthorne 7-7123 chamber pressure and increasing the pres- ke 
sure passing the regulator. 
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HONEST JOHN, complete except for propellant, warhead 
and fins, is built of steel by ALCO under prime contract. 


A.co’s unparalleled experience in steel fabrication aids in producing missiles 


For more than a century ALCO has been well as Air Force Snark components. On 
fabricating steel plate — first into locomo- another frontier, ALCO recently completed = 
tives, then also into heat exchangers, pipe, the Army Package Power Reactor on 
diesel engines; now into the strong and prime contract; leads in supplying sei 


critical shapes of missiles. ALCO brings to components under subcontract. 


this new problem the special competence ; 
that only an experienced steel-plate fab- Seven plants in five states, with a ma- 
ricator can offer. chine tool inventory of over $50 million, 


A long history of defense production — make ALCO defense products. For more 
both subcon- information, including a new brochure, ALCO PRODUCTS, INC. 
tract — is another ALCO asset. Just com- “What does it take to make a missile?,” NEW YORK 

pleted is a contract for M48A2 tanks, now write Defense Products, Dept. ONM-2, Sales Offices in Principal Cities 
in production is Army’s Honest John, as P. O. Box 1065, Schenectady 1, N. Y. 


Locomotives Diesel Engines ‘Nuclear Reactors Heat Exchangers: Springs Steel Pipe: Forgings Weldments - Oil- F ield 
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LR FD PUMP! 
COUPLING 


Panalarm Annunciator pinpoints 
process “off-normals"’ 


In the process industries and among users of automatic machinery, 
trouble is minimized when it’s caught early. That’s the purpose of the 
Panalarm Annunciator System—a continuous monitor of your process. 


One typical adaptation of the modular Panalarm system is engineered 
to differentiate between the first “off-normal” and subsequent “‘off-normals” 
caused by the first. This feature allows instantaneous recognition of the prime 
source of trouble in a “chain reaction.” 


Another adaptation is designed specifically for motor start-up and shut- 
down. It has also been successfully adapted for supervisory control, pump 
control and programming. 


Your Panalarm sales engineer will be happy to make a survey of your 
requirements to determine whether a Panalarm system can aid productivity 
and safety in your process. For electrical and mechanical data on standard 
systems, request Catalog 100B on your letterhead. 


Division of 

PANELLIT, INC. 
7423 N. Hamlin Avenue, Skokie, Illinois 
Panellit of Canada, Ltd., Toronto 14 a re 


Engineered 
information Systems 


for industry 
Panalog 

Graphic Panels, Information Panellit Service 
Control Centers Systems Corporation 


Do you 
think of 


ATOMICS 
INTERNATIONAL 


DIVISION OF NORTH AMERICAN AVIATION, INC. 


does. ee and uses Statham 


pressure transducers as part of the 
control instrumentation in the con- 
struction of its nuclear reactors 
which open entirely new fields in 
industrial research and devetop- 
ment by providing an on-the-spot 
source of high-energy gamma tays 
and neutrons. : 


WHEN THE NEED 
Is TO KNOW...FOR SURE 
SPECIFY STATHAM 
Accelerometers 
Pressure Transducers 
Load Cells 
Catalog, complete with prices, 
available upon request. 


LABORATORIES 
LOS ANGELES 64, CALIFORNIA 
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LOW-NOISE 
CHOPPER 


Bristol’s Syncroverter} chopper is now available in a low-noise, 
external-coil model for critical dry circuit applications. 

This new external-coil chopper virtually eliminates capaci- 
tive coupling between signal-circuit contacts and driving coil 
leads. Peak-to-peak noise levels are usually less than 100 micro- 
volts across a 1 megohm impedance (rms noise, in the order of 
10 microvolts). 

LONG LIFE and immunity to severe shock and vibration are 
outstanding characteristics of the new Syncroverter chopper. 
Withstands vibration, 5 to 2000 cps, up to 30G, and up to five 
30G impacts on any major axis. SPDT switch action. Nominal 
contact ratings: up to 10 V, 1 ma. 

Write for complete data on this latest addition to the Bristol 
Syncroverter line. The Bristol Company, 175 Bristol Road, 
Waterbury 20, Conn. 7.21 
TT. M. Reg. U.S. Pat. Off. 


TYPICAL CHARACTERISTICS 
Driving Frequency 


Range: O—1800 cps 
Coil Voltage: 6.3 V sine, square, 
pulse wave 


*Coil Current: 70 milliamperes 


Coil Resistance: 52 ohms 
“Phase Lag: 60° + 10° 

*“Dissymmetry: 15° max. 

*Switching Time: 15°+ 5° 


—55°C to 100°C or 
—65°C to 125°C 
Operating Position: Any 

Mounting: Flange; 2-hole or 4-hole 
Plug-in; fits 7-pin 
miniature socket 


Temperature Ranges: 


Vthiek characteristics based on sine-wave excitation, 400 cps. 


BRISTO 
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FINE PRECISION INSTRUMENTS 
FOR OVER 68 YEARS 


AERONAUTICAL 
ENGINEERS 


MECHANICAL 
ANALYSIS & 


SYNTHESIS 
EVALUATION 


of AIRCRAFT NUCLEAR PROPULSION 
SYSTEMS at GENERAL ELECTRIC 


You will work on the application of nuclear propul- 
sion systems to both manned aircraft and missile 
systems. The work involves liaison with planning 
groups in the Atomic Energy. Commission, military 
services, and aircraft companies. 


BOTH TECHNICAL AND SUPERVISORY 
POSITIONS OPEN 


Individual advancement aided by Full Tuition 
Refund Plan for graduate study leading to an M.S. 
degree, and in-plant courses in nucleonics. 


PUBLICATION OF TECHNICAL PAPERS IS ENCOURAGED 


CHOICE OF TWO LOCATIONS: 
CINCINNATI, OHIO & IDAHO FALLS, IDAHO 


Your resume will enable us to determine if you 
are qualified now for General Electric’s nuclear 
flight development program. All inquiries held in 
strict confidence. 


Please write to location you prefer: 


J. R. Rosselot L. A. Munther 
P. O. Box 132 P. O. Box 535 
Cincinnati, Ohio Idaho Falls, Idaho 


GENERAL ELECTRIC 
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For the inside story on 


Straightforward in design, Revere Liquid Oxygen 
Float Switches provide positive indication or 
control of liquid oxygen level. Used in fueling 
missiles, filling storage tanks, charging aircraft 
oxygen systems, etc., these new Revere products 
resist thermal shock, contain no materials subject 
to impact detonation, and give safe, sure, re- 
peatable performance, 


Heart of the Liquid Oxygen Float Switch is the 
Revere magnetically actuated GLASWITCH*, 
hermetically sealed to insure safe operation in 
explosive atmospheres. The only moving part 
of the float switch is a metal float containing 
permanent magnets which operate the 
GLASWITCH* at a predetermined level of 
liquid oxygen. 


Revere Liquid Oxygen Float Switches provide 
accurate level indication when mounted at any 
angle from vertical to 45° at temperatures from 
—320°F. to +200°F. They are available with 
SPST or SPDT type contacts for either ascending 
or descending level actuation. Lead lengths and 
mountings to suit requirements. Other units for 
use with liquid nitrogen. 


oe For detailed technical information, 


REVERE CORPORATION OF AMERICA 
Wallingford, Connecticut 


A SUBSIDIARY OF NEPTUNE METER COMPANY 
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NEW REVERE LIQUID OXYGEN 
FLOAT SWITCHES 


This is just one of 
many float switches, 
flow switches, fuel 
flow transmitters, 
impeller flowmeters, 
and similar fuel 
system control 
devices designed 


and manufactured by 


Revere Corporation 
of America. 


Write to our 
Field Engineering 
Department today 
concerning your 
application. 


4 send for engineering Bulletin No. 1066. 


TRANSISTORIZED 
FREQUENCY-to-VOLTAGE 
CONVERTERS 


MEASURE AND CONTROL: 

Flow Rate ¢R.P.M. 
Power Frequency 
© Linear Speed 


MODEL FR-302 
SUBMINIATURE 
CONVERTER 


~ 


Detects AC signals 
s* down to low amplitude 
levels, converts to O—5 volt DC 

signal proportional to frequency 
within .2%, gives .25% long term 


stability with less than .002% per 
degree temperature coefficient. 


FR-303 


Compares power ae 


frequency with internal 

tuning fork reference, gives O—5 volts 
DC between 370 and 430 cps, with 
-05% overall accuracy under severe 
vibration and temperature conditions. 


P50 standard modifications of the 
FR-300 series converters are 
available to suit every airborne 
and ground requirement. 


TURB 
FLOWME 


covering flow 
rates from .065 
to 6000 GPM... 
are standard test- 
ing equipment in 
the newest mis- 
siles and aircraft, 
where the ultimate in reliability and 
accuracy are required. 


bay Write for Complete Data 


STanley 3-1055 


ENGINEERING COMPANY 


FLOW MEASUREMENT AND CONTROL 
7842 BURNET AVENUE, VAN NUYS, CALIFORNIA 
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’ » READS JET ENGINE SPEED to 
GUARANTEED ACCURACY of 
10 RPM in 10,000 RPM (=+0.1% } 


The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental. Proper adjustments for maximum thrust, maximum engine 
life and maximum safety of operation can be made only upon accuracy 
of instrumentation. The TAKCAL tests to guarantee that accuracy. 

The new B & H TaKCAL incorporates a refinement of the frequency 
meter principle. It operates in the low (0 to 1000 cps) range, reading 
the frequency of the tachometer generator on a scale calibrated in 
percent RPM corresponding to the engine’s RPM. It reads engine speed 
while the engine is running with a guaranteed accuracy of +0.1% in 
the range of 0 to 110% RPM. Additionally, the TaKcaL circuit can be 
used to trouble-shoot and isolate errors in the aircraft tachometer 


system, with the circuit and tachometer paralleled to obtain simultaneous | (/ CHECKS TACHOMETER 
reading. “SYSTEM” ACCURACY. 
The TAKCAL’s component parts are identical with those used in the ANY FREQUENCY PROBLEM! 


J-Model Jetcat Analyzer. They are here assembled as a separate unit 
tester and for use with all earlier models of the JETCAL Tester. 

The TAKCAL operates accurately in all ambient temperatures from Measures 200 to 7500 
—40°F. to 140°F. Low in cost for an instrument of such extreme M, direct reading, with 
accuracy, it is adaptable to application in many other fields. 


For full information write or wire... eis Pa 


4 B « H INSTRUMENT Co., INC. 
| 3479 West Vickery Blvd. * Fort Worth 7, Texas 


Sales-Engineering Offices: 
108 So. Franklin, LO 1-9220 © DAYTON, OHIO: 209 Commercial Bldg., M! 4563 © COMPTON, CAL.: 105 N. Bradfield St., NE 6-8970 


B & H makes the JETCAL® Analyzer 
and TEMPCAL® Tester 


VALLEY STREAM, L. L.: 
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PROVIDES = 
| PROPORTIONAL SHAFT 

ROTATION FOR A GIVEN PULSED INPUT 


MODEL SM-300-1 

e Angular increment per pulse — 36°, 
e Stepping rate — up to 15/second, 
© Voltage requirement — 28 V. D.C. 
on time 


e Dut le — 56% max. 


e Weight — 8 oz. 


@ Shock — 15 G’s for 11 milliseconds duration each way along 
three major axes, 


¢ Reliability — shall not fail to convert more than one pulse in 
1,000,000 into equivalent angular rotation. 


OTHER MODELS AVAILABLE WITH VARIATIONS FROM THE 
ABOVE SM-300-1 SPECIFICATIONS. 


The two rotary solenoids contained in each motor produce the incre- 
mental motion of the output shaft in either direction. Energizing either 
of these solenoids produces a combination of linear and rotational 
motion which moves a ratchet gear axially into engagement with its 
mating ratchet gear and thus imparts a constant amount of rotation to 
the output shaft. The detent roller assembly insures constant, reproduc- 
ible angular shaft rotation increments in either direction and main- 
tains the output-shaft position while the motor is at rest with the 
power off. 

Stepper Motors are adaptable to routine jobs such as driving me- 
chanical counters. They also find excellent use in positioning devices 
that will set up a controlling voltage and/or a phase shift such as 
potentiometers and autosyns. They are widely used as a positioner 
for guided missiles to adjust heading, fuel flow, altitude, and circuit 
sampling for telemetering purposes. In one adaptation as a heading 
eo two Stepper Motors are used to position a differential auto- 
syn in steps of either vernier degree or coarse degrees per input 
pulse, bi-directionally, through a suitable gear train. 


Write for more details—available upon request. 


STEPPER MOTORS CORPORATION 


Subsidiary of California Eastern Aviation, Inc. 


7441 West Wilson Avenue ¢ Chicago 31, Illinois 


WHAT'S 


1.F.F.? 


(See bottom of column) 


Leakproof 
kt Metering Valves 


Hi Vacuum to 6000 PSI. 

“O" Rings and Teflon or Nylon 
Seats are standard. 

@ Over-torquing cannot damage 
seat or needle as buffer plate and 
metering pin act as a forming die. 

e@ Impossible to score needle or seat. 

e Lifetime Valve—can be completely 
overhauled in a matter of minutes 
without disturbing plumbing or mount- 
ing. 

@ The most economical valve in the 
long run. 


Write for further details 
ROBBINS AVIATION 


1735 W. Florence Ave. 
Los Angeles 47, Calif. 


I.F.F. means Identification-Friend- 
or-Foe. A system of challenge and 
response by radar. 


Be your own best friend and in- 
vestigate the challenging potential 
of your own future with ASCOP. 
Many unusual opportunities exist 
at this very moment. Call or write, 
Technical Personnel Manager. 


ELECTRONIC ENGINEERS 
Skilled In 
Data Acquisition 
Data Handling 
RF Techniques 
Circuit Design 
Transistor Applications 


APPLIED SCIENCE CORP. 
OF PRINCETON 


12 Wallace Rd., Princeton, N.J. 
Phone PLainsboro 3-4141 


Dept. F, 15551 Cabrito Road © 
Van Nuys, Calif. State 2-7030 
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“MONOBALL”’ 


Self-Aligning Bearings 


PLAIN TYPES 


Ext. 
INT. 
PATENTED U.S.A. 
All World Rights Reserved 


HARACTERISTICS 


ANALYSIS RECOMMENDED USE 


Stainless Steel For types operating under high temper- 
Ball and Race ature (800-1200 degrees F.). 
2 Chrome Alloy { For types operating under high radial 
Steel Ball and Race ultimate loads (3000-893,000 Ibs.). 
3 Bronze Race and { For types operating under normal loads 
Chrome Steel Ball with minimum friction requirements. 


‘Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. Dept. JP-57. See 
Whether your require- 


SOUTHWEST PRODUCTS CO. ; ments are for Liquid 

1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA ci  . _. Propellent rockets, ram- 
iets, pulsejets turbojets 
or turboprops, Delavan 
offers complete facilities 
to design, develop, test 
and produce the fuel in- 
jectors needed. 


of the ARS-Northwestern University Gas Dynamics Symposium 
are now available. Price: 25 cents for members, 50 cents for 
non-members. Please order by number. 

Theories of Gas Transport Properties, by Joseph O. Hirsch- 
felder, C. F. Curtiss and R. B. Bird. (468-57) 

Collecting, Correlating and Clearing Facilities for Data and 
Information on Thermophysical Properties, by Y. S. 
Touloukian. (469-57) 

On the Direct Determination of the Viscosity of Gases at High 
Pressures and Temperatures, by J. Kestin. (470-57) 

Summary of Measured Thermal Conductivities and Values of 
Viscosities, by F.G. Keyes. (471-57) 

Recent Improvements in Thermal Conductivity Measure- | 
ments and New Values for CO,» Near the Critical Point, by | 


Delavan fuel injectio 
nozzles, each desig 
specifically to 


Leslie A. Guildner. (472-57) 


The Measurement of Diffusion Coefficients in Gases and ‘ : =< 4 , 
Liquids at Elevated Pressures, by H. H. Reamer and B. H. given. set of req 
Sage. (473-57) been 


Relaxation Phenomena in Gases, by M. Boudart. (474-57) 
Molecular Beam Applications to Transport Properties in 


Gases, by Immanuel Estermann. (476-57) 
Shock Tube Studies of Transport Properties, by S. C. Lin. 
(477-57) 


Transport Phenomena in Jet Engines and Rockets, by Donald 
R. Bartz. (478-57) 

Transport Property Requirements in Hypersonic Aero- 
dynamics, by Robert Bromberg. (479-57) 

Transport Information Needed in the Chemical and Process 
Industries, by Leo Friend. (480-57) 


Transport of Low Density Gases, by R.S.Sherman. (481-57) - VW 

Thermal Diffusion, by Sidney Chapman. (482-57) 

Determination of Equilibrium Infrared Gas Emissivities from y Ce 
Spectroscopic Data, by S. S. Penner and A. Thomson. ’ if 


(483-57) 
ST D MO! IOW 
Transport in Ionized Gases, by M. Rosenbluth. wert aes ° 


(484-57) 
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Missile 


MODEL MHISA For mounting 
on drums having as few as 
30 channels or as many as 
several hundred. Simple De- 
sign—Flexible Operation— 
Low Noise—High Voltage 
Insulation. Moisture Proof 
unit completely encapsulated. 


CHARACTERISTICS 
Recording System; Non-return to 
zero. Drum Speed; 2300 in. per sec. 
Writing Current; 70 ma. Cell 
Density; 100 bits per in. Head to 
Drum Spacing; .001 inch. Drum 
Coating: Red oxide, .001 in. thick. 
Output; 1 volt peak to peak. 

Track Width; .125 in. 

Core Width; .090 in. 


gineers 


lectronic En 
® E perience in 


Electrical 
with 2-6 years ex 


d Transistor Amplifiers 


Magnetic an The performance 


Electrical Circuitry 
| e incorporated in 
Network Design 
rters 
AC and DC Servo Motors 
esearch 
Systems 
a READ-RECORD 


Specifically Designed for Reading or 
Recording on Magnetic Drum settee Systems 


MH10A 


use with an eccentric for 
radial position adjustment in 
relation to the drum. Low 
write current. High readback 
voltage. 2 piece sintered fer- 
rite core. Potted. Dimension- 
ally stable. 


Inertial Guidance Systems 


Product Design and Packaging 


Servomechanisms 
Ford Instrument Company’s new Missile Development 
Division is expanding because of increased activity on 
guidance and control work for major ballistic missiles such 
as the Redstone and Jupiter. 

Are you interested in the opportunities this could bring 
you —and the increased responsibilities? To those engi- 
neers who feel they can measure up to the high standards 
of our engineering staff and who wish to do research, 
development and design work in the expanding new field 
of missile engineering, write or phone Allen Schwab for 
an appointment or further information. 


CHARACTERISTICS 
Recording System; Non-return to 
zero. Drum Speed; 1200 in. per 
sec. Writing Current; 20 ma. Cell 
Density; 100 bits per in. Head to 
Drum Spacing; .001 in. Drum Coat. 
ing; Red oxide .001 in. thick. 
Output; 0.5 volt peak to peak. 
Track Width; .062 in. 

Core Width; .040 in. 


Other models available... 
write for brochure. 


IBRASCOPE 


| A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 
30-10 - 41st Avenue Ses Long Island City 1, New York 


808 WESTERN AVENUE ¢ GLENDALE, CALIFORNIA 
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STAINLESS STEEL 
AND TEFLON 


200 series 0-3000 psi 


= Models available for virtually VA LV 


~ any service from cryogenic 


SIX COMPONENT i 
THRUST 
MEASURING 
SYSTEM* 


Completes First Year 
of Missile Testing 
WITH ZERO LEAKAGE! 


Premium quality stainless steel check RELIEF VALVES, SHUTOFF VALVES, BLEED 
valves made by Circle Seal are engineered | VALVES, SHUTTLE VALVES and other special 
with an ingenious use of teflon as a sealing valves manufactured to provide the 100% 
member. Circle Seal’s patented sealing __ reliability and sealing efficiency pioneered 
principle has proven 100% reliable in all and perfected in Circle Seal design 
applications—guarantees absolute sealing. concepts. 
COMPLETE ENGINEERING DATA AVAILABLE 
JAMES, POND AND CLARK inxcorrorateo 


SEAL 2181 East Foothill Boulevard, Pasadena, California 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


MECHANICAL DESIGN ENGINEERS 


Exhaust Nozzle with diameter 


Installed at a West Coast missile testing 
facility, in August, 1956, this Gilmore weight 
and thrust measuring system indicates and 
records values of missile weight, propellant ie pea 
weight, thrust, gimballing motor forces, and e ° 
thrust mis-alignment forces. Forces are trans- .- Tail Pipe no longer than a bat? 
lated into values represented by terms (a) 
td) roll ME’s accustomed toconventional- up in producing the T58 Turbo- 
ly sized aircraft gas turbine com- shaft—many are involved in de- 
load, (f) YY axis sideload. The system com- 

4 ; ponents find a challenge to their veloping the T64 convertible gas 
pensates for the effect of sideload with 4 
respect to wind and with respect to intar- ingenuity in scaling down AGT  turbineand other small, advanced 
action with moments. parts full orders of magnitude _ power plants. 

when they come to SAED (Small Design engineers who want to 


Computing equipment isolates all fixed com- ° ; 
ponents. A portable calibration unit, cali- Aircraft Engine Department of advance in their specialties and 


brated by the National Bureau of Standards, General Electric). associate themselves with aleader 
< in the installation. System accuracy And miniaturization isn’t the in this growing field are invited 
paler whole story either. Many other’ to investigate new openings at 
"Patents Pending tough design problems cropped the Small Aircraft Engine Dept. 


For details on this and other Gilmore Systems 
Write Dept. J-9 ALSO: Field & Flight Test Engineers will find openings at SAED’s 
flight test center and at airframe manufacturers’ locations, 
handling 50-150 hour qualification tests, training of cus- 
tomer personnel, etc. 


Instrumentation Systems 
For Industry and Science Please write in confidence to Roger Hawk 


SMALL AIRCRAFT ENGINE DEPARTMENT 
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Type N SR-4 Strain Indicator 


This new, improved strain indicator features printed circuits 
and transistors, weighs one-third less than the previous model 
and has a smaller case. No warmup is required. In inter- 
mittent service its batteries last up to five times as long and 
cost two-thirds less. The legs of the case are positioned to 
permit tilting for improved readability. For direct readings 
with full external bridge, no calibration correction is required. 
Used as a preamplifier with standard cathode ray oscilloscope, 
it gives visual indication of dynamic strain with better response 
and in a broader range than the previous model. Frequencies 
up to 300 cps at amplitudes up to 3500 microinches per in. 
can be observed without appreciable distortion. 
SR-4 Bonded Foil StrainGages © 


Two new types of foil gage in 4 in. gage length, 120 ohms 
resistance, now make many types of stress analysis possible 
with new accuracy and ease. A Bakelite-bonded gage, Type 


NEW SR-@ strain indicator and 
NEW SR-4 bonded foil strain gages 


Foil gages shown above are enlarged to twice their actual size. 


FAB-2, and a quick-drying paper-and-cement-bonded gage, 
Type FAP-2, have marked advantages over comparable 
standard bonded wire strain gages. Hysteresis is now so low 
as to be negligible for stress analysis. Fatigue life of the paper 
gage matches that of comparable wire gages—that of the 
Bakelite gage is longer. Lateral strain sensitivity of both is 
down by one-half, offering new accuracy in measuring biaxial 
strains. The quick-drying paper gage is quick and easy to 
install. The Bakelite gage offers such attractive features as 
dependable service at 300°F or higher. It is thinner and more 
flexible than comparable bonded wire gages—requires no 
preforming for curved surfaces and is thus easier to apply. Its 
glass fiber filler makes it less sensitive to moisture effects. 


Both new foil gages have tinned lead wires, well anchored 
and easy to connect. Both gages are now stock items for 
prompt delivery. For more information on this or other 
Baldwin stress analysis equipment, write to Electronics & 
Instrumentation Division of B-L-H, Waltham, Mass. Or we 
will have a representative call on you at your request. 


BALDWIN : LIMA: HAMILTON 


& Instrumentation Division 


Waltham, Mass. 
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METAL MACHINING 


. » « a guided missile component being machined at Diversey Engineering. 
Another of the many missile hardware parts involving intricate and difficult 
machining techniques. Diversey Engineering makes these and many other missile 
and jet hardware parts. Some of these parts are midsections, accumulators, 
bulkheads, rings, cones, and nozzles. 

Have your work done at Diversey Engineering by skilled machinists who use 
the finest and newest equipment, one of which is the very latest 48” Monarch 
Air Gage Tracer Lathe. Nowhere else can you get such extensive facilities and 
experienced machinists for contour machining of Titanium, Inconel, A-286, 
Haynes Stellite, and Zirconium. 

- or phone for information regarding your designs and blueprints. 


LEADERS IN CONTOUR MACHINING 


Diversey ENGINEERING COMPANY 


10550 W. ANDERSON PLACE GLADSTONE 1-0200 
4 FRANKLIN PARK, ILLINOIS « A Suburb of Chicago 


_ FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS—WITH PRECISION BUILT IN 
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